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ACCURACY IN SCHOOL CHILDREN. DOES 
PROVEMENT IN NUMERICAL AC- 
CURACY ‘‘TRANSFER’’?* 
W. H. WINCH, 
London, England. 
SUMMARY. 


Pupils in four different schools were studied with reference to the 
question, “Does improvement in accuracy of numerical computation 
‘transfer’ to arithmetical reasoning?” ‘The pupils of each school were 
divided into two equal groups on the basis of preliminary tests in work- 
ing arithmetical problems. One of these groups was practised in working 
rule sums, while the other was occupied with history, drawing, etc. After 
a certain number of days of practise further sets of problems were used 
to test both groups in arithmetical reasoning. In the first school tested 
there was no evidence of ‘transfer, but in the second, third and fourth 
schools the practised section showed certain improvements in arithmeti- 
cal reasoning. 

Many more experiments of this sort are necessary before definite con- 
clusions can be drawn, but from the present investigation it would seem 
that some sort of connection may exist between improvement in numeri- 
cal computation and mathematical reasoning. The results are too irregu- 


lar to warrant the conclusion of any definite ‘transfer,’ but the improve- 


ment in reasoning may be due either to release of mental energy result- 
ing from improved facility in computation, or to the association estab- 
lished between the two kinds of function usually at work together, 
whereby continuance of the one involves greater readiness for the other. 
It is hoped that others will be stimulated to repeat the tests and to 
carry them farther. 
I. INrrRopucrion. 
It is a reproach frequently made by educationists against 


psychologists that the latter do not apply themselves to the 


*The experiments here described in detail were given in outline in a paper on 
the “Faculty Doctrine,” read at a joint meeting of the Aristotelian and British 
Psychological Societies and of the Mind Association, in London, July, 1910. 
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solution of problems which have direct and immediate bear- 
ings on educational theory and practice; and it is further 
complained that, however true many psychological results 
may be, they are nevertheless, irrelevant, as far as eduea- 
tion is concerned. Perhaps some justification for the eom- 
plaint may be conceded; but the educationist, on his side, 
may in fairness be required to remember that educational 
psychology is not the whole of psychology, and further, that 
no science can, or ought to, be expected to issue in practical 
cirections at every step of its growth and progress. 


Il. THe Prosptem Staten. 


Among the practical questions which are hotly debated by 
educationists today, there are to be found problems whose 
solution will not only be of importance to the educator, but 
may throw some light also upon psychological and epistem- 
ological questions—such an one is that of ‘‘accuracy.”’ 


1. Its pedagogical aspect. 


It 1s impossible for a visitor to ask questions in schools 
as to the rationale of methods and processes adopted by 
teachers without continually receiving answers which imply 
the ‘‘faculty doctrine’’ in its extremest form. If one asks, 
for example, why a high standard of numerical accuracy is 
demanded in arithmetical exercises, it is relatively rare that 
one receives an answer based upon the practical inconven- 
iences which arise from inaccurate results. 

It is much more common to be told that children ought 
to be accurate in arithmetic because the habit of accuracy 
is so important. And when one asks why a much higher 
standard of proficiency in numerical computation is demanded 
in school than, in most eases, life is likely to require, an 
answer is given somewhat in the following form, ‘‘ Well, you 
see, it makes the child accurate all round.’”’ If, at this point, 
one asks whether improvement in numerical accuracy will 
improve accuracy in drawing or accuracy in the sight read- 
ing of music, there is apt to be some hesitation and search. 


Se 
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ing of heart. But if the question be put, ‘‘ Will it make the 
boy more accurate in other arithmetical operations?’’ the 
answer 1s unhesitatingly in the affirmative. This then is our 
problem today. Is there such a thing as a habit of accuracy? 
Ts accuracy a ‘‘faculty’’? Will accuracy, developed by train- 
ing the child in one school subject, be transferred to another 
in which he has not been trained? Will it be transferred 
even to other aspects of the same school subject, e. g., arith- 
metic? May it not be found that even this well-known ‘‘sub- 
ject’’ is not so much one subject as a congeries of inde- 
pendent operations? 

That these questions are not superfluous at the present 
time may be seen by the alarming variety in the views held 
by competent educationists. Mr. J. L. Paton, in an article 
in the Educational Times for July, 1907, writes accuracy 
as one of the school virtues which are in reality great 
life virtues exemplified and enforced in small matters—the 
implied argument being that accuracy in school work, will 
tend to accuracy in the work of life, whatever that may be, 
and d.fortiori, that accuracy in one branch of school work 
will be reflected in the accuracy of another. 

The opposed view is very strongly put in Chapter VIII. 
of Dr. F. H. Hayward’s Education and the Heredity Spectre; 
he says that the ‘‘dogma of formal training—faith in which 
constitutes the greatest educational superstition of today— 
needs to be statistically refuted’’ (italics mine). It would be 
better, perhaps, to ask that the doctrine might be statistic- 
ally tested, for it sometimes happens that figures collected 
to overthrow a doctrine are found to establish it. 

If these discussions and differences were to be found only 
in academic realms and in polemic works of small circula- 
tion they would be of relatively small importance; but that 
is not the case. The inspector and the school-master take 
a hand, especially in arithmetical questions, either assert- 
ing that improvement in mechanical numerical accuracy will 
affect a boy’s arithmetical reasoning powers adversely, or 
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that accuracy in one will lead to accuracy in the other. 

[It not unfrequently happens that both parties to the dis- 
pute—when experimental inquiry is made—are found to be 
right; it sometimes happens that they are both found to 
be wrong. | propose, however, to leave all inferences until 
after the method and results of the experimental work have 
been presented. 








il. Its psychological aspect. 


The grouping of mental operations into classes has always 
been found convenient, and is likely, notwithstanding animad- 
versions about ‘faculty psychology,’ to go on. Is ‘aceuraey’ 
a generic name which may fairly be applied in this sense? 
Is accuracy a faculty? Is there a habit of accuracy involv- 
ing more than the operations whose accuracy has been in- 
creased by training? 


in. Its epistemological aspect. 


What relationship must be shown to exist between two 
powers or functions of the same mind before we are entitled 
to call them part of the same ‘faculty’ or group of similar 
functions? Suppose we find high positive correlation be- 
tween two mental operations, what sort of relationship may 
be inferred between them? Have we a guarantee of any re- 
lationship beyond what a metaphysician might call a mere 
‘‘toovetherness’’? 

The educationist, let us remember, when he hears psyehol- 
ogists and others talk of correlations, thinks that the estab- 
lishment of high positive correlations means much more than 
this. It is useful, doubtless, for a teacher, especially at ex- 
amination times, to be able to tell from a test in one or two 
subjects or parts of subjects what the class will be able 
to do in others. Mere ‘‘togetherness,’’ if quantified, will 
enable this to be done. And even that is not without value. 

But what the educationist is apt to assume high positive 
correlation to mean—and not only the educationist—is that 
a relationship exists between two functions of such a nature 
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that improvement in the one implies improvement in the 
other (subject to certain conditions as to fatigue and satu- 
ration point), and that decay of the one implies decay of 
the other. 

For if there is not causal dependency, it is frequently 
thought that there is some central or common factor to 
whose existence the positive correlation is due, the train- 
ing of which would therefore be common to the two opera- 
tions. 


Ill. GeneraL PLAN OF THE EXPERIMENTS. 


The general method adopted was the same throughout, 
though there were minor modifications as to the number and 
diffeulty of the exercises in different schools. In each case 
2» whole class, working according to the same syllabus of 
work and under one teacher, was divided into two equal 
groups. The division was effected on the results of several 
tests in problematical arithmetic. In order that the natural 
ability of the children rather than their memory of recent 
teaching should be tested in these exercises, it was arranged 
that no problems should be given in a form with which the 
pupils were well acquainted. The tests were marked solely 
with reference to the accuracy of the arithmetical reasoning 
and entirely without reference to the accuracy of the numeri- 
al computation. No attention was paid to the right an- 
swer; marks were given with reference to the process only. 

When the two equal groups had been obtained, one of 
them was practised in a series of exercises in ‘rule’ sums 
which every child knew how to do; the other group being 
meanwhile engaged in some other branch of school work. In 
every other respect the curriculum for both groups was pre- 
cisely the same during the period of the experiment. I need, 
perhaps, hardly say that no other arithmetical work was 
done during the time the experiment lasted. 

Finally, the two groups, namely, the one practised in aec- 
curate numerical computation and the one not so practised, 
were placed together again, and final tests were given in 
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arithmetical reasoning. There had been, in all cases, a con- 
siderable improvement in the accuracy of numerical compu- 
tation during the series of practice exercises. How far was 
this improvement of accuracy in arithmetical computation 
transferred to accuracy in arithmetical reasoning? Did the 
practised or non-practised groups do better work when the 
groups worked the same test exercises at the end? 

The above issue is, pedagogically, the most important of 
all those on which the following experiments throw light; it 
would be referred to in educational works as the question 
of the transfer of improvement i accuracy. 

These experiments, however, heip us towards the answer 
to another question which is primarily epistemological 


though of great importance to psychology. Let us find the 


correlation between the two forms of accuracy — accuracy 
of arithmetical reasoning and accuracy of numerical com- 
putation. If it is found to be highly positive, we shall sup- 
pose either that one function causes the other, or that there 
is a common factor in the two functions, or that both fune- 
tions are the result of some prior quality or power which 
develops approximately equally in both these directions, 
or, finally, that the high correlation is a mere togetherness 
without relations or interdependence. 

The two former hypotheses are capable of verification by 
means of our experiments. If one causes the other, then 
improvement in one should lead to improvement in the 
other. If there is a common factor, improvement in one 
should (so far as the common factor goes) lead to improve- 
ment in the other. 

To find the correlation between accuracy in numerical 
computation and accuracy in arithmetical reasoning, it 
would seem, at first, a satisfactory procedure to correlate 
the marks for the preliminary problematic lists and the 
practice exercises in rule sums which were worked subse- 
quently by one of the two equal groups. But it would be 
unsatisfactory to correlate two series obtained under dif- 
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ferent conditions as to time and curriculum. If one desires 
to find a correlation which shall be free from these disturb- 
ing influences, it is better to take the exercises on which 
it is to be based side by side and under the same school con- 
ditions. ‘This, therefore, was done. Tests in rule sums, 
which every child knew how to do, were given pari passu 
with the tests in arithmetical reasoning. So that the con- 
ditions as to fatigue (if any) might not be more favorable 
to one sort of test than to the other, in one school the prob- 
lem and rule sums were given alternately first and second. 
This variation produced no change in the results; it ap- 
peared to be an unnecessary precaution. 

Having found the correlation between the two functions 
which, | may say in advance, is highly positive, we may re- 
fer to the tables which show the transfer (if any) of im- 
provement in accuracy from one function to the other. If 
the result is negative, small, or doubtful, we are, on empiri- 
cal gounds, faced by very serious limitations to the infer- 
ences we may draw from the fact of high positive correla- 
tion between two functions. 

A second point, rather, perhaps, of pedagogical than of 
psychological interest, is the following: Besides the most 
important issue, namely, the decision as to the question of 
the transfer of improvement in the accuracy of numerical 
computation to accuracy in problematic reasoning, there is 
the subsidiary one: How far is the improvement in numeri- 
eal accuracy gained during the practise exercises transferred 
to the numerical computation within the final sets of prob- 
lems worked? For it is frequently thought, even by compe- 
tent opinion, that practise work in accuracy of this kind is 
practically useless. when the pupil sets to work on prob 
tematic sums. 


IV. First Sertes oF ExPerIMENtTS. ScwHoon ‘‘8.”’ 


A first series of experiments was carried out in a munici- 
pal girls’ school situated in a.poor neighborhood, with Stand- 
ards VI. and VII. of an average age at the beginning of the 
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series of 13 years 2 months. The teacher of the class was 
disposed to throw emphasis on the problematic rather than 
the computational side of arithmetic. The problems she was 
accustomed to give were difficult for this type of child and 
the tests set are hard. I mention this because the schools 
selected by me to do this work had different attitudes to- 
wards arithmetical teaching, for I was anxious to avoid find- 
ing correlations and other results which might have been de- 
pendent rather on the trend of the teaching than on the nat- 
ural abilities of the children. 

Il avoid dealing with the question as to how far the trend 
of the teaching can obscure or overcome natural correlations. 
[ am of opinion —an opinion not widely shared —that its 
power is rather limited, but I thought it best to vary my 
examples in this respect so as to strengthen my conclusion 
if the results appeared unaffected by the educational milieu. 

This work was done in the spring of 1909. A brief chron- 
ology of the experiment with some specimens of the tests 
and exercises follows :— 

Tuesday, March 30th. 

10.15 A. M. to 10.835 A. M. All the clases worked arithmetical prob- 
lems. 

10.40 A. M. to 11.00 A. M. All the class worked rule sums. 

Thursday, April Ist. 

10.15 A. M. to 10.35 A. M. All the class worked arithmetical prob- 
lems. 

10.40 A. M. to 11.00 A. M. All the class worked rule sums. 

Friday, April 2nd. 

10.15 A. M. to 10.35 A. M. All the class worked arithmetica! prob- 
lems. 

10.40 A. M. to 11.00 A. M. All the class worked rule sums. 

The class was now divided into two equal groups on the basis of the 
marks for reasoning obtained in working the problem papers. 

Tuesday, April 6th. 

10.15 A. M. to 10.55 A. M. One of the two groups — hereafter 
called the practised group — worked 
rule sums. The other group studied 
history. 
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At this stage of the experiment the Easter holiday inter- 
vened, after which the exercises were resumed. © 
Tuesday, April 20th. 

10.15 A. M. to 10.55 A. M. The practised group worked rule sums: 

the non-practised group did drawing. 

Thursday, April 22nd. 

10.15 A. M. to 10.55 A. M. The practised group worked rule sums: 

the non-practised group did drawing. 
Friday, April 23rd. 

10.15 A. M. to 10.55 A. M. The practised group worked rule sums: 
the non-practised group did drawing. 

The two groups were now placed together again, and on 
Tuesday, April 27th. 

10.15 A. M. to 10.55 A. M. All the class worked a test in _ prob- 
lematic arithmetic; a longer paper of 
questions was set on this occasion 
than during the preliminary prob- 
lematic tests. 

i. Specimens of Tests and Exercises with the Method of 

Marking. 
(a.) A Set of Arithmetical Problems. 

1. A certain grocer gains 34d. on every 4 ounces of coffee which he 

sells; what would he gain by the sale of 114 ewts.? 


~~ 


A woman earns three times as much as a boy and a man twice as 
much asa woman. If the daily wages of a man, a woman and a 
boy amount to 19s. 2d. what are the daily earnings of each? 

3. A tank is full of water. After 4% of its contents has been drawn 
off, 4% of the remainder is also drawn off. If 18 gallons are then 
left in the tank, what does it hold when full? 

As already stated these tests were marked so as to give 
eredit for arithmetical reasoning only, irrespective of the 
correctness of the answer numerically. 

But a mere glance will show that not all the above sums 
are equal in difficulty. How shall we mark so that our units 
shall be approximately equal and that the obviously more 
difficult sum shall receive an adequately higher mark? I 
suggest the following method with some confidence (though 
| do not consider it perfect), as I have worked with it for 
some years with satisfactory results. 
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Let us consider each necessary rational ‘step’ as worthy 
of one mark. In the first problem, for instance, it is essen- 
tial to the solution (at the mental stage reached by these 
ehildren), (1) that the ounces and the hundredweights should 
be reduced to the same denomination, either the ozs. to ewts. 
or the ewts. to ozs.; (2) that the number of times which 4 
ounces is contained in the total weight should be found; (3) 
that the gain on each 4 ounces should be multiplied by the 
quotient thus obtained. This gives us a total of 3 rational 
steps or marks for the first problem. 

The second problem is much more difficult. To solve this 
the children require to regard (1) the boy as possessing one 
share, (2) the woman as possessing three times as much as 
the boy, namely, three shares, (3) the man as possessing six 
times as much as the boy, namely, six shares. Then (4) the 
shares must be added, and (5) the 19s. 2d. must be divided 
by the total number of shares. The quotient is the boy’s 
wage. Thus we have a total of 5 marks for reasoning for 
the second problem. The multiplication of the boy’s wages 
is regarded as rationally identical with the earlier steps, so 
no additional marks are awarded. 

The third problem is resolved by the following rational 
steps: (1) The % drawn off must be subtracted from unity. 
(2) % of the remainder must be found. (3) The total frac- 
tion drawn off must be found. (4) The fraction of the whole 
now remaining must be ealeulated. (5) The fraction must 
be equated with the gallons left in the tank. (6) From the 
value of the given fraction in gallons the value of unity in 
gallons must be calculated. This gives a total of six marks 
for the rational steps of the third problem. 

I need hardly say that any rational step necessary to- 
rards, or on the way towards, a correct solution would have 
received a mark; but, in practice, the marks actually ob- 
tained by the pupils of this class were obtained for some or 
all of the above ‘steps’. It is not maintained that this sys- 
tem of marking is theoretically perfect, but it gives steady 
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and reliable results, and is a system which teachers readily 
appreciate and understand. This latter condition seems to 
me one of the utmost importance in all research work on a 
large seale in educational psychology. 


(b) A Test in Rule Sums worked immediately after a Test in 
Arithmetical Problems. 
(1). Divide 3 ewt. 2 qrs. 21 lbs. 7 ozs. by 35. 
(2). Divide % XK 144 —Y + 31-25. 
(3). Express 1 ewt. 2 qrs. as the fraction of 2 ewt. 3 qrs. 4 Ibs. 





(c)} A Practical Exercise in Rule Sums given to the practised 
group only. 
(1). £1598 7s. 034d. ~— 39. 
(2). Take £77 2s. 684d. from £1000 and multiply the answer by 25. 
(3). What is the value of 7-9 of £6 18s. 9d. 
(4). 314 of 5-7 of 9 3-15 of 324. 
(5). % of a ton + 3-7 of a quarter. 
(6). (007 4+. 5.01 —-1.05) & .068. 


The method of marking adopted for ‘accuracy’ in com- 
putation, though extremely laborious, was, in principle, ex- 
tremely simple. It was intended that no sum should be set 
in these exercises which the children did not know how to 
do; but of course, though the processes were well known, 
there was much variation in accuracy of computation. It is 
obvious to any one who has kept records of arithmetical work 
from week to week that the usual method of marking sums 
‘right’ or ‘wrong’ and allowing for each sum so many marks, 
all or most of which are lost if there is any numerical in- 
accuracy, will not give us a series of results which will ade- 
quately show improvement in accuracy. A child with one 
or two figures wrong in several sums may really have 
worked more accurately than another child who has all the 
sums right but one, provided that that one be wrong in 
many places. 

Further, a child may make much improvement, even 
though its total number of sums right does not increase. 
Having these considerations in mind it was decided to give 
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one mark for each correct unit of addition, subtraction, mul- 
tiplication and division. Thus, if £1398 7s. 034d. be divided 
by 39, the first unit is a unit in division. <A three in the 
quotient receives one mark. The multiplication of 39 by 3 
receives three marks; thus, 3 times 9 are 27, the seven re- 
ceives a mark; 3 times 3 are 9, the 9 receives a mark, and 
if the + 2 from the 27 is added correctly (teachers know 
how often ‘carried numbers’ are added incorrectly) another 
mark is given. The subtraction of 117 from 139 is assessed 
in a Similar way; each unit process receives one mark. Some 
—a very few—able children telescope processes which aver- 
age children work out at greater length, but their units are 
always caleulated on the most generous basis. <A child on 
this method of marking does not lose all the rest of the 
marks for that sum because one number early in the sum 
is found wrong, even though subsequent operations on that 
number lead to further errors in the sum as usually under- 
stood. He may not really have made any more errors; it 
is necessary to go through the sum, unit by unit, to see if he 
has or has not. Doubtless some of my readers have said 
to themselves, ‘‘Why not use ‘reckoning books’, where the 
unit of caleulation would be so much more easily estimated?”’ 
I did not do this, since it would have introduced an element 
of disturbance in the normal work of the children; and fur- 
ther, because teachers are not usually convinced by experi- 
ments which seem to them something outside and apart from 
ordinary school-work. 


u. Results. 


The marks for accuracy in arithmetical reasoning in the 
three preliminary tests were added together, and the marks 
for accuracy in numerical computation in the tests worked 
side by side (immediately after) with the problems in rea- 
soning were also added together. The results follow: 
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Table I., showing the general correlation between 
(a) accuracy ™m reasoning, 
(b) accuracy im numerical computation. 





Marks for No. of Average Mark for Av. Mark for 
: a . . Numerical Com- 

Reasoning. Children. Reasoning Per Child. putation Per Child. 
Over 30 2 O2.0 306.0 

25 to 30 ) 28.0 282.6 

20 to 25 f 21.7 284.2 

15 to 20 9 18.2 267.2 

10 to 15 8 11.6 224.0 





It is fairly obvious from even a brief inspection of the 
above table that children who are good at arithmetical rea- 
soning are usually good at numerical computation also, i. e., 
the correlation is positive. It is wise, however, to find a 
more definite value than can be obtained from the table. 
The children were placed on a list thus: 








Name Marks for Marks for Computation 
(Initials Only.) Reasoning. (To the nearest ten.) 
. & 303 jl 
S Bo. 32 30 
3. A. B. 30 29 
32. R. D. 10 20 
> r= xy ye 
Then the Pearson formula pape was applied to the 
’ 2 


individual cases and ‘r’ was found to be + .68. 

May we from this result presume that the two powers, 
accuracy in arithmetical reasoning and accuracy in numeri- 
cal computation, are so related that improvement in one of 
them may be found to result in improvement in the other, 
that is, that accuracy transfers? Let us proceed to test the 
matter empirically. 

After the material for correlation had been obtained the 
class was divided into two equal groups on the basis of the 
marks obtained in the three preliminary tests of arithmeti- 
cal reasoning. 
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The result follows: 


Table II., showing the division into two equal groups. 





GROUP A. GROUP B. ek 
(In itials on! y.) nae isd , (Ini tial “yr nly.) ae 7 : ; : ; 
A. P. 30 E. C. 32 
L. F. 28 A. B. 30) 
D. W. 28 7. R. 30) 
K. R. 28 J.B. 28 
M. D. 2% L. M. “| 
M. C. 26 A. W. 24 
K.A. 21 D. Hd. 2] 
A. R. 20 D. Hn. 21 
M. J. 19 M. R. 19 
R.S. 19 C. B. 19 
W. O. 18 K. W. 18 
EK. W. 16 E. G. 16 
L. J. 14 F. D. 13 
M. O’H. 12 J.B. 12 
D. G. 11 A. H. 11 
L. P. 10 R. D. 10 





The group selected to do the practice exercises in ‘rule 
sums’ was determined by ‘chance’, which fell upon Group 
B, hereafter called the ‘practised’ group. <A record of units 
of accuracy in computation was kept during the course of 
the practice exercises. The improvement shown by the prac- 
tised group in numerical accuracy may be seen from the fol- 
lowing table: 

Table I1I., showing the improvement in numerical accuracy 
of the practised group. 


Marks for Preliminary No of Marks for ee gy in the Practice 
Tests in Reasoning, Children. ay. ist Ex. Av.2nd Ex. Av.3rdEx. Av. 4th Ex. 
30 and over. 1 196 207 207 251 
25 to 30 | 178 195 214 235 
20 to 25 3 218 219 232 218 
15 to 20 f 171 181 193 wei 
10 to 15 a 145 169 145 128 








In the fourth practice exercise one sum was set, which 
D. Hn. in the third section, E. W. in the fourth section, and 
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J. B. in the fifth or lowest section, could not attempt. This 

ras contrary to the scheme of the work and unfortunate, as 
it unduly reduced the marks in those sections. There is no 
doubt, however, from the general trend of the numbers, ex- 
cept in the lowest section, that considerable improvement 
was taking place. 

It now remains to present the results of the work in arith- 
metical reasoning of the two ‘groups’ after they had been 
put together again and worked a further test. 

Table IV., showing the marks for arithmetical reasoning o} 
the practised and non-practised groups com- 
pared in corresponding sections. 





Non-Practised Group A. Practised Group B. 
Marks for Three Prelimi- Av. Mark Av. Mark 
nary Exercises in No.of Per Child ay. Mark No. of Per Child Av. are 
ith ‘cal R ae hild in Pre- Final ‘ld in Pre- Final 
Arithmetica easoning. Children. liminary a Children. liminary Susncion. 
Exercises Exercises 
30 and over. | 33.0 15.0 1 32.0 16.0 
25 to 30 D 27.4 14.6 28.7 13.5 
20 to 25 2 20.5 4.0 3 22.0 7.0 
15 to 20 f 18.0 9.2 f 18.0 9.2 
10 to 15 f 14.2 6.0 | 


14.0 4.2 


Taking the groups as wholes, we find that Group A scores 
un average mark of 20.6 (mean variation 5.8) in the pre- 
liminary tests, and 10.2 (mean variation 3.6) in the final 
test; whilst Group B seores 20.6 (mean variation 5.9) and 
91 (mean variation 4.7). 

It is difficult to resist the conelusion that the group prac- 
{ised in accuracy of computation shows no improvement over 
{he group not thus practised, i. e., there appears to be no 
transier of improvement in accuracy from arithmetical com- 
yutation to arithmetical reasoning. That is the main prob- 
lem; but a secondary issue arises as to the value of improve- 
ment in numerical accuracy in rule sums. Does this im- 
provement transfer to the numerical accuracy with which 
‘problems’ are worked? 

Both sets of problems, the preliminary and the final tests, 
were marked for numerical accuracy. In this school, the 
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only units of accuracy counted in this marking were those 
which were found in steps necessary to the solution of the 
problem. This is not satisfactory scientifically, but it gives 
the result a practical value, for teachers wish to know 
whether the practised children can therefrom be expected to 
get more of their problems right. The results follow: 


Table V., showing the numerical accuracy of groups A and 
B compared in the working of the preliminary 
and final problems. 
























Non-Practised Group A. 


Practised Group B, 





Av. Mark Av. Mark 
for Num- Av. Mark for Num- Av. Mark 
ks f N _ erical Ac- for Num- erical Ac- for Num- 
Marks for Numerical of curacy in ericalAc- yo of curacy in erical Ac- 
Accuracy in Prelimi- hild Three curacy in ‘id Three curacy in 
nary Problems. Children. ¢ et s of Final Set Children. get sof Final set 
Prelimi- oft Pro- Prelimi- of 
nary lems. nary Problems 
Problems Problems 
Over 180 2 189.0 108.5 2 187.0 124.5 
170 to 180 2 13.0 105.5 0 
160 to 170 2 164.0 43.0 0) aaa «date 
150 to 160 3 158.0 80.0 6 155.2 107.0 
120 to 150 2 131.0 67.0 4 138.0 101.0 
Below 120 4 105.5 71.0 4 92.7 *419 5 


It is not fair to conclude from this experiment that no 
amount of improvement in numerical accuracy would trans- 
fer to accuracy in numerical reasoning, but only that the 
improvement shown in this case was insufficient to transfer. 
There is a presumption that it might not, since there is a 
clear transfer of improvement in numerical accuracy itself 
from rule sums to problems. I should myself have been pre- 
pared to find a slight improvement in the arithmetical rea- 
soning, not perhaps from direct transfer, but from the fact 
that, the numerical work of the problems having become more 
accurate and mechanized in the one group than the other, a 

*The children in this group, F.D., R.D., C.B., and A.H., showed no contin- 
uous improvement in the practice exercises in numerical accuracy; the contin- 
ued practice at short intervals seems to have diminished their arithmetical ca- 
pacity, which is not altogether an unexpected result with very weak pupils, In 


the other groups there seems to be a clear gain in numerical accuracy in the 
problematic work. 
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larger share of the pupil’s available energy could have been 
given to the method of solving the problems, i. e., to the 
arithmetical reasoning involved. But this does not aprear 
to have been the ease. 


V. SeEconpD SERIES OF ExPERIMENTS. ScuHoo. ‘‘B.”’ 


A second series of experiments was carried out in a mu- 
nicipal girls’ school situated in a very poor neighborhood. 
i'hey were done with a Standard II. class of a high average 
age, namely, 10 years. The school was one in which numeri- 
cal accuracy had long been a marked feature of the work, 
whilst the problematic aspect of arithmetic had received 
somewhat less attention. It will be remembered that the 
general plan of the experiments requires the tests and ex- 
ercises to be taken in schools in which the conceptions of 
good arithmetical work differ. 

A brief chronology of the experiment follows: 


Tuesday, April 20th, 1909. 
10.00 A. M. to 10.20 A. M. All the class worked arithmetical prob- 
lems. 
10.20 A, M. to 10.85 A. M. All the class worked rule sums. 
Thursday, April 22nd. 
10.00 A. M. to 10.15 A. M. All the class worked rule sums. 
10.15 A. M. to 10.35 A. M. All the class worked arithmetical prob- 
: lems. 
Friday, April 23rd. 
10.00 A. M. to 10.20 A. M. All the class worked arithmetical prob- 
lems. 
10.20 A, M. to 10.85 A. M. All the class worked rule sums. 
Tuesday, April 27th. 
10.00 A. M. to 10.15 A. M. All the class worked rule sums. 
10.15 A. M. to 10.35 A. M. All the class worked arithmetical prob- 
lems. 


On the results of the work in arithmetical problems, or, 
rather, on the number of correct rational processes in the 
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working of the problems, the whole class was divided into 
two equal groups, and from 9.50 A. M. to 10.30 A. M. on 
Wednesday, April 28th, Thursday, April 29th, Friday, April 
30th, Tuesday, May 4th, Thursday, May 6th, and Friday, 
May 7th, Group B—hereafter called the practised group— 
worked exercises in rule sums for the purpose of producing 
improvement in numerical accuracy; whilst Group A—here- 
after called the non-practised group—did exercises in draw- 
ing. 

Next week the two groups were put together again, and, 
from 10.00 A. M. to 10.20 A. M. on Tuesday, May 11th, 
worked a test in problematic arithmetic. A second test was 
given at the same time on Thursday, May 13th; a third on 
K'riday, May 14th, and a fourth on Tuesday, May 18th. 
After the preliminary tests, throughout the practice period, 
and during the final tests, no arithmetic was done by either 
group except the rule sums worked by Group B on the dates 
given. 


i. Specimens of Tests and Exercises. 


(a) A Set of Preliminary Problems. 

(1). How many cakes at 7-for 6d. can I buy with 14s. 6d.? 

(2). Aman had £5. He gave a quarter of it to his son and 19s. 6d. to 
his daughter. How much had he left for himself? 

(3). What shall I pay for three pounds of tea at 1s. 8d. a pound, and 
two pounds of coffee at 1s. 3d. a pound ? 

(4). In a wood there were 125 oak trees, 78 beech trees, half as many 
elm trees as there were beech trees, and 30 less ash trees than 
oak trees. How many trees were there altogether ? 

(b). A Set of ‘Rule’ Sums worked side by side with a Set of 


Preliminary Problems. 


(1). Divide £1 19s. 1114d. by 12. 

(2). Find 8 times £3 13s. 4d. 

(3). From £13 6s. 111d. take £9 19s. 334d. 

(4). £1 16s. 11144d.+ £2 7s. 6d. + 15s. 934d. + £1 Os. 1014d. 4- £38 
13s. 1144d. 


ey 
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The rule sums employed for practice exercises were simi- 
lar, but more in number. The problem papers set in the final 
tests were intended to be of the same difficulty as those set 


in the preliminary tests, but they were really rather more 
difficult. 


i. Method of marking. 


As before, the marks for reasoning depended on the logi- 
eal steps necessary to the solution of the problem. Thus, 
in the case of the first sum in the set of problems given 
above, it is necessary to find how many sixpences there are 
in 14s. 6d., and then to multiply this number by 7. In the 
second problem, it is necessary to divide £5 by 4, to add the 
quotient to the daughter’s share and subtract the sum from 
£5. This gives us 3 steps or marks. Another method, which 
subtracts the quotient from £5 and subsequently subtracts 
19s. 6d. from this remainder, also requires three logical 
‘steps’ or processes and equally receives 3 marks. 

The marking for numerical accuracy in rule sums pro- 
eeeded on the same basis as before—one mark was given 
for every accurate unit of addition, subtraction, multiplica- 
tion or division. 

In marking the numerical accuracy of the final set of 
problematic tests in this school a mark was given for every 
correct numerical unit whether it occurred in work neces- 
sary to the solution or not. 


ill. Results. 

[ propose first to show a general table of correlation be- 
tween accuracy of arithmetical reasoning and accuracy of 
numerical computation. The tests on which the figures are 
based, it will be remembered, were worked side by side, un- 
der the same school conditions. 


eT 


J ede. powsti ss oe 
o 


= ee: 


iS See 


* - a 
2iig ee 


i a 


Se aa 


i 











216 THE JOURNAL OF EDUCATIONAL PSYCHOLOGY. 


Table VI., showing general correlation between 
(a) accuracy of arithmetical reasoning and 
(b) accuracy of numerical computation. 


Marks in 4 Preliminary Tests No. of Average Mark for Average Mark for 
in Arithmetical Reasoning. Children. Reasoning. Numerical Accuracy. 
Over 35 | 36.5 198.0 
39 to 30 5 32.6 195.2 
30 to 25 8 28.8 184.5 
25 to 20 7 23.2 184.1 
20 to 15 9 18.1 148.6 
15 to 10 © 12.0 121.5 
10 to 5 7 9.0 94.3 
dto 0 1 5.0 39.0 


It is obvious from the above table that the positive correla- 
tion is considerable, but it was thought advisable to work it 
out from the 43 individual cases by the Pearson produet— 
moment formula. It reaches the high figure of + .79. 

[ am unable to show the improvement in numerical aceu- 
racy made by the practised group during the progress of the 
practice exercises themselves. Both the Head Mistress of 
the school and the Teacher of the class assert that it was con- 
siderable. Unfortunately the sums were only marked ‘right’ 
and ‘wrong’ and the children’s worked papers were not pre- 
served. 

But that some improvement in numerical accuracy occurred 
and, moreover, transferred itself to the numerical accuracy 
of the final problematic work is obvious from the following 
table: 

Table VII., showing numerical accuracy of Groups A and B 
(a) in the preliminary problem tests, 
(b) m the final problem tests. 


Marks for Numerical Non-Practised Group A. Pratised Group B. 
Accuracy in 4 Pre- No. of Av. Mark 4 Av. Mark No. of Av. Mark Av. Mark 
liminary Pro- sa: Prelimi- 4 Final : 4 Prelimi- 4 Final 
blem Tests. Children. nary Tests. Tests. Children. nary Tests. Tests. 
Over 150 v4 171 139 v4 163 142 
150 to 100 8 129 110 8 120 117 
100 to 50 4 82 76 4 76 G4 
50to O 3 42 67 3 37 G4 


ACCURACY IN SCHOOL CHILDREN. old 


It appears from the above table that, whereas the numeri- 
‘al accuracy of the non-practised group was decidedly supe- 
rior to that of the practised group in the preliminary tests 
(the equality of the groups was based on their arithmetical 
reasoning, it will be remembered), yet, notwithstanding this, 
after the practice period, the position of the two groups, sec- 
tion by section, is reversed. Nearly all the sections appear 
to have gone down; a study of the possible numerical units 
and of the problematic difficulty in the preliminary and final 
tests show this to be appearance only. But even if it were so, 
we are concerned solely with the comparison of the final 
work of the two groups, and it is evident from these compari- 
sons that Group B is the better. If we calculate the final 
results of each section of each group as a percentage of its 
preliminary result, we find the highest section of Group B 
scored 87%, whilst the corresponding section of Group A 
scored 81% ; the second section of Group B scored 87% against 
the 85% of the second section of Group A; the third section 
of Group B seored 97% as compared with 93% for the third 
section of Group A; whilst the lowest section of Group B 
scored 200% as against the score of 159% for the lowest sec- 
‘tion of Group A. But it is not quite satisfactory to estimate 
improvement on numerical accuracy in this way, unless we 
ean be fairly certain that the two groups would attempt an 
equal number of problems. 

The more important question—the issue to which the ex- 
periment was mainly directed — was not, however, whether 
numerical accuracy was transferred from rule sums to prob- 
lems, but whether improvement in numerical accuracy was 
transferred to accuracy in arithmetical reasoning. 


The following table helps us towards a solution: 
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Table VIII., showing accuracy of arithmetical reasoning of 
Groups A and B in 
(a) the preliminary problems. (b) the final problems. 


Non-Practised Group A. Practised Group B. 
Marks for 4 
Prelimi Teste No, of Av. Mark Av. Mark No. of Av. Mark Av. Mark 

reliminary Tests. 1d Prelimi- Final “dr Prelimi- Final 
Children. nary Tests. Tests. Children. nary Tests. Tests. 
Over 35 2 37.0 33.0 2 36.0 30.0 
30 to 300 2 32.5 32.0 3 o2.¢ ae | 
30 to 25 5 29.0 28.8 4 28.7 28.0 
25 to 20 3 24.0 23.3 4 *22.5 27.7% 
20 to 15 5 18.6 18.8 4 17.5 16.0 
5 9.8 15.4 


15to 5 5 9.0 12.2 








**E. F.’, one of the children in this section, had been absent from school for 
some time previous to the preliminary tests and consequently worked these be- 
low her usual form; she was, according to the Head Mistress, improperly placed 
in the grouped and ordered lists. 

Considering the groups as wholes, we find that, whilst 
Group A obtains an average mark of 22.5, with a mean varia- 
tion of 7.9 in the preliminary tests and 22.7 in the final tests 
with a mean variation of 7.7, Group B obtains 22.5 (mean 
variation 7.7) and 24.2 (mean variation 7.4) in the prelimi- 
nary and final tests respectively. 

In this school the practised group and the non-practised 
group, which each scored 494 units of correct reasoning in 
the preliminary problem tests, are, as in the preceding school, 
not alike in the final tests, for now the former scores 532 
units as against 499 for the latter. This is a reverse relation- 
ship to that found in School ‘8S.’ It seems to me, however, 
that it would be unsafe to conclude that any transfer of 
accuracy had taken place unless, section by section, the chil- 
dren of corresponding ability throughout the two groups 
showed clear and consistent gains on the part of the prac- 
tised group. In this case two of the non-practised sections 
are superior to the practised in the final tests. 


VI. Tutrp Serres or Experiments. ScuHoou ‘‘I.’’ 
A third series of experiments was carried out in a mu- 
nicipal girls’ school differing in type from the two previous 
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ones. It was situated in a rather good neighbourhood, but 
the arithmetical work of the children, both with respect to 
their capacity to solve problems and their numerical accu- 
racy, was known and acknowledged by the teachers of the 
school to be low. Psychologists will see at onee how im- 
portant it is, in work of this kind, in which improvement is 
involved, to select observations from those who are at 
very different stages with respect to their saturation point 
for the mental operations in question. From a comparison 
with children of corresponding social class in other schools, 
[I was well aware that these children were below saturation 
point in both accuracy of arithmetical reasoning and accu- 
racy of numerical computation. The following is a brief 
ehronology of the experiment: 

On Tuesday, April 27th, from 9.40 a. m. to 10.0 a. m., the 
whole of a Standard IIT. class, of an average age of 10 years 
4 months worked a test in arithmetical problems, and from 
10.0 a. m. to 10.20 a. m. worked an exercise in rule sums. On 
Thursday, April 29th, the class worked further tests in prob- 
lems and rule sums at the same times as before. On Friday, 
April 30th, further tests of similar character were worked 
at corresponding times. Each child had now worked three 
sets of problematic tests and three sets of rule sums. The 
class was then divided into two equal groups on the basis 
of the marks for reasoning obtained in the working of the 
problem papers; and on Tuesday, May 4th, from 9.40 a. m. 
to 10.20 a. m. one of the groups—hereafter called the prac- 
tised group—worked ‘rule’ sums; the other group did an exer- 
cise in drawing. On Thursday, May 6th, at the same time 
in the morning, the practised group worked a second exer- 
cise in ‘rule’ sums; the non-practised group studied geogra- 
phy. Again, on Friday, May 7th, on Tuesday, May 11th, 
on Thursday, May 13th, and on Friday, May 14th, at the 
same time in the morning as before, the practised group 
worked further exercises in rule sums whilst the non-prac- 
tised group studied history or geography, or were exercised 
in drawing. 
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Next week, on Tuesday, May 18th, the two groups were put 
together again, and, from 9.40 a. m. to 10.0 a. m., all the class 
worked a test in problematic arithmetic. A second test was 
given at the same time on Thursday, May 20th, and a third 
test on Friday, May 21st, also from 9.40 a. m. to 10.0 a. m. 

i. Specimen Sets of Tests and Exercises. 
(a) A Set of Problems in Arithmetic. 

1. A man bought a chair for 30 shillings. He paid 9s. 3d. for a new 
cushion and 1s. 6d. for having it put on. He then sold the chair 
for £3 2s. Od.; how much did he gain? 

2. In a tramear there were 29 people. At the first stop 8 got out 
and 5 got in; at the second stop 13 got out and 10 got in. How 
many were in the ear then? 

3. In a wood there were 972 trees, half were oak and a quarter elm, 
whilst the remainder were ash. How many ash trees were there? 


(b) A set of Rule Sums, worked during the 


Preliminary Tests by Both Groups. 


Lo: & S. d. 2. 3,649 79 
35 10 234 
d41 12 ) 
9 5 11y, 
38 19 {1,, 3. £50 17s. 1114d. — 49. 
264 4 3 


ll. Method of Marking. 


As before, in marking the problems for reasoning, one 
mark was given for every rational ‘step’ towards the correct 
result, thus, in problem 1, it is necessary (a) to add expenses 
and (b) to subtract them from the selling price. Two marks 
are obtained if these processes are shown, whatever the re- 
sult may be in numerical accuracy. In the case of problem 
2, there are several modes of procedure, but each will be 
found to involve four logical steps or processes; thus, we 
may subtract 5 from 8, and 10 from 13, add the two remain- 
ders and then subtract from 29. Or we may subtract 8 from 
29, add 5 to the remainder, take away 13 from the sum, and 
then add 10 to the remainder. 
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In marking for numerical accuracy, one mark as before 
was allowed for every correct process in addition, subtrac- 
tion, multiplication or division. 

ll. Results. 
Table 1X., showing general correlation in the preliminary 
exercises between 
(a) reasoning as applied to arithmetical problems, 
(b) numerical accuracy in the working of ‘rule’ sums. 


Marks for Reasoning in 3 No. of Av. Mark Per Child Av. Mark Per Child for 
Preliminary Exercises. Children. for Reasoning. Numerical Computation.* 
19 i) 19.0 17.2 
18, 17 8 42 17.4 
16,15 S 15.6 15.5 
14, 13, 12, 11 6 12.5 15.8 
ae r D4 9.1 


*The marks for each child in numerical computation were, in this school, tab- 
ulated to the nearest ten. 

[It is fairly obvious that positive correlation exists, but 
it is also obvious that no very definite value can be obtained 
from the grouped averages. An application of the Pearson 
formula to the individual cases shows the positive corre- 
lation to amount to +.69. 


Table X., showing the improvement of numerical accuracy 
within the practice-medium itself. 


Marks for Reasoning in 3 No.of Av. Mark PerChild Av. Mark Per Child 


ie — : ist and 2nd Sth and 6th 
Preliminary Tests. Children. Practice Exercise. Practice Exercise. 
19 Dj 123 165 
18, 17, 16 (5 122 149 
15, 14, 13,12.11 io. 119 123 
6. 5. 4 2 63 87 


There can be no doubt that, on the whole, a very consid- 
erable improvement (approximately 21%) in numerical ae- 
curacy has taken place. Let us now see how far (if at all) 
this improvement in accuracy is transferred to accuracy in 
arithmetical reasoning. 
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Table XI., showing Groups A and B compared in 
(a) reasoning in preliminary problems, 
(b) reasoning in final problems. 


a, Non-Practised Group A. Practised Group B. 
Marks for 3 Prelimi- No. of AY. Mark in Av. Mark wo of Av. Mark in Av. Mark 
nary Tests. ‘Id 3 Prelimi- in 3 Final ‘ld 3 Prelimi- in 3 Final 
Children. nary Tests. Tests, Children. nary Tests. Tests. 

19 4 6.5 40 5 6.3 i.1 

18, 17, 16 ” 5.6 6.4 ( 5.5 1.7 

15, 14, 13, 12, 11 { 15 4.8 5 4.3 5.2 

6, 5, 4 { 1.9 1.2 3 1.6 1.6 


Taking the groups as wholes we find that whilst Group 
A seored an average mark of 14.3 (mean variation 3.9) in 
the preliminary tests and 15.7 (mean variation 6.0) in the 
final tests, Group B seored in the corresponding tests 14.5 
(mean variation 3.8) and 17.9 (mean variation 6.2). 

For our present purposes the most useful comparison 
lies between the marks in the three final tests for the cor- 
responding sections of the practised and non-practised 
groups. There certainly appears to be an advantage on 
the side of the practised group in the 2nd, 5rd, and the lowest 
sections, but it 1s somewhat disconcerting to see that the 
highest section of the practised group is worse than the cor- 
responding section of the non-practised group. 

VII. Fourru Series or Expertments. Scuoon ‘‘O. K.’’ 

A fourth series of tests and exercises was undertaken in 
a municipal. boys’ school, situated in a rather poor neigh- 
bourhood. 

The arithmetical work, both on its computational and prob- 
lematical sides, was decidedly good. ‘The experiment was 
‘arried out with the whole of a Standard II1. Class, which 
had an average age of 10 yrs. 0 months, at the time of the 
commencement of the tests. 

The following is a brief chronology of the course of the 
experiment :-— 

On Thursday, April 14th, 1910, from 9.55 a. m. to 10.25 a. m., 
the whole class worked a test in problematic arithmetic; and 





— 
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at the same time in the morning a second, third and fourth 
test on April 19th, April 21st, and April. 26th respectively. 
The class was then divided into two equal groups on the 
basis of the marks obtained for reasoning in the above tests, 
and, on May 4th, 5th, 6th, 10th, 11th, 12th, 18th, 18th, 19th, 
and 24th, practise exercises in rule sums were given to one 
of the groups for half-an-hour each day, whilst the other 
group worked exercises in English composition. During this 
period and until the end of the experiment, no arithmetic, 
cther than the exercises and tests of the experiment itself, 
was done by either group. The irregularity in the succes- 
sion of the practice exercises was due to intervals of school 
holiday. After the ten practice exercises, the two groups 
were put together again and worked four final tests in prob- 
lematie arithmetic. The first was done from 9.55 a. m. to 
10.25 a. m. on Thursday, May 26th; the second, third and 
fourth at the same time in the mornings of May 31st, June 
2nd, and June 7th, respectively. 


i. Specimen Tests and Exercises. 
(a) A Test in Problematic Arithmetic. 

1. At an election, one man has 6,913 votes, another 7,948, and a third 
5,427. What was the number of votes altogether ? 

2. I had £5 in my pocket. I gave away 18s. 4¥4d. to one man, 10s. 
634d. to another, and 13s. 4d. to another. How much have I 
left? 

3. ‘Tom has £8, and Harry has £6 12s. 6d. I give each of them as much 
again as he already has. How much more will Tom have than 
Harry after that? 

4. <A farmer buys 18 lambs at 12s. each. Six of them stray away and 
are lost. Those which remain he sells at £1 1s. each. What does 
he gain? 


ll. Method of Marking. 


The problems were marked as before, without reference 
to the numerical accuracy of the result, and solely with 
reference to accuracy of method. It is obvious that Problem 
1. is a ‘one-step’ problem; the only rational process is the 
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judgment that the numbers must be added. Problem 2. in- 
volves two processes, the addition of the sums given away 
and the subtraction of the total from the original sum. Prob- 
lem 3. is a ‘three-step’ sum to children at this mental level. 
Tom’s money must be doubled, Harry’s money must be 
doubled, and one of the sums thus obtained must be sub- 
tracted from the other. Problem 4. is a ‘four-step’ problem. 
It is necessary to find the cost of the lambs, to subtract the 
number which stray away from the number bought, to find 
the amount realized by the sale of the remainder, and to 
subtract the cost price of the lambs from the selling price. 

The practice exercises in rule sums were marked for nu- 
merical accuracy in the same way as in previous experiments. 

ill. Results. 

It will doubtless have been noticed that in this experi- 
ment no tests in numerical accuracy were set part passu 
with those in accuracy of arithmetical reasoning. Any cor- 
relations, therefore, which are worked out between these two 
sets of operations can be found only for that half of the 
elass which took the subsequent practice exercises. I do 
not consider this is so satisfactory theoretically, since the 
operations are not made under precisely the same conditions. 
But a correlation worked out on the basis of four separate 
sets of tests for reasoning and ten separate exercises in nu- 
merical accuracy cannot fail to have some value. 

Table XII., showing the correlation between 
(a) accuracy in arithmetical reasoning, 
(b) accuracy in numerical computation, 
of the Practised Group only. 


Marks for4 Preliminary No. of Av. Mark Per Boy Av. Mark Per Boy in 
Tests in Reasoning. Boys. in Reasoning. Numerical Computation. 

35 to 40 4 37.8 1916.7 
30 to 35 3 3-+4.0 1823.7 
25 to 30 5 28.0 1573.0 
20 to 25 5 22.6 1309.2 
15 to 20 8 17.5 1285.0 
10 to 15 12.5 1222-0 

5 to 10 f 7.8 1057.5 
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The correlation is obviously a high one, and its exact de- 
termination from the individual eases by means of the Pear- 
son formula of correlation gives +.85. 

! will now show the improvement in the practice medium 
itself. The classification, as in the above table, is based 
upon the marks obtained in the preliminary tests in arith- 
metical reasoning. 

Table XIIT., showing the improvement in numerical accuracy 
within the practised group. 


mariana ginko. ot Marka iat aurtg ops rercntage of 
Reasoning. Boys. tice Exercise. tice Exercises. Improvement. 

35 to 40 L 323 $10 27% 

30 to 35 3) 316 397 26% 

25 to 50 5 278 329 18% 

20 to 25 d 270 313 16% 

15 to 20 8 250 310 249, 

10 to 15 f 217 255 17% 

5 to 10 192 230 19% 





It will be seen that the improvement is, in all cases, very 
considerable; it now remains to be seen how far this im- 
provement in accuracy of numerical computation is_ trans- 
ferred, if at all, to accuracy in arithmetical reasoning. 

Table XIV., showing the comparison between the practised 

and unpractised groups in 

(a) four preliminary tests in arithmetical reasoning, 
(b) four final tests in arithmetical reasoning. 





Marks for 4 Prelimi- Non-Practised Group A. “practised Gronp* B. 
mary Tests in No. of Ay Map for (Ar Marg, No. of AY a” deta oa 

Reasoning. Boys. nary Tests. Tests. Boys. nary Tests. Tests. 
30. to 40 f 37.8 D8.0 ' 4 37.8 38.8 
30 to 39 3 54.0 38.4 3 54.0 37.0 
25 to 30 6 28.0 28.2 5) 28.0 32.8 
20 to 25 f 22.8 23.8 5) 22.0 28.6 
15 to 20 8 17.5 19.5 8 17.5 20.3 
10 to 15 5 13.2 18.8 + 12.0 13.5 

5 to 10 5 5.4 8.6 4 7.8 13.5 





*Two boys, E. W. and C. H., are omitted from the practised group, as one was 
absent on 8 occasions and the other on 3 occasions during the practice exercises. 
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Considering the groups as wholes, we find that Group A 
obtams an average score of 21.8 (mean variation 8.1) and 
23.6 (mean variation 9.2) whilst Group B obtains 22.0 (mean 
variation 8.1) and 25.5 (mean variation 8.5) in the prelim- 
inary and final tests respectively. 

It is obvious that, on the whole, the practised group does 
better work in the final tests; in the first of them this group 
obtains an average mark of 6.2, in the second of 5.7, in the 
third of 7.6, and in the fourth of 6.0; whilst the corresponding 
marks for the non-practised group are 5.6, 5.2, 7.1 and 5.7. 
But the excess improvement of B over A, section by section, 
is uncertain; indeed, in two cases, the non-practised section 
does better work than the corresponding section of the prac- 
tised group. 

Every section in both groups shows improvement in arith- 
metical reasoning, though no arithmetical exercises other than 
the rule sums, and those by the practised group only, were 
done during the experiments. This general improvement is 
probably due to natural growth, and perhaps the influence 
of the other branches of school instruction; but this latter 
point is doubtful and needs proof. The general improve- 
ment is more obvious in this school because very great care 
was exercised in order to make the final tests in reasoning 
of no more intrinsic difficulty than the preliminary ones. 

But an improvement which is common to both groups is 
not an improvement on which we can base the doctrine of 
the transfer of accuracy. To possess irrefragable support 
for a doctrine of that kind we should require an excess im- 
provement, section by section, of Group B over Group A. 
Let us calculate the percentage of improvement from the 
preliminary to the final tests in each section of each group 
and see how far such an excess improvement is to be found. 





_ 
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Table XV., showing the percentage improvement (to the near- 
est unit) of each group, section by section, m 
arithmetical reasoning. 


Marks for 4 Prelimi- Non-Practised Group. Practised Group. Percentage 
nary Tes s in No. of Percentage No. of Percentage Gain or Lossof 

Reasoning. Boys. Improvement. Boys. Improvement. B Over A. 

35 to 40 Ly | 20 Gain 1% 

30 to 35 3 l % 3 9% Loss I% 

25 to 30 (5 1% 6 17% Gain 16% 

20 to 25 | 1% f 9% Gain 5% 

15 to 20 8 9% 8 16% Gain 79% 

10 to 15 5 129 l 159 Loss 27% 

5 to 10 5 2% | 70% Gain 68% 


VIII. Generat Conciusions. 

My first conclusion is that much more of this work needs 
to be done; | hesitate to draw hard and fast conclusions, 
even negative ones, where there is so much irregularity in 
the results. 

My second relates to the inferences which we may draw 
from high positive correlations between two quantities. It 
seems to be possible to find highly correlated functions which 
appear to have very little relationship of pedagogical value. 
We cannot conclude without further inquiry on other lines, 
that two highly correlated mental powers are causally related. 
lf they have a common factor or a common cause, it may be 
one which our methods cannot influence, and its determina- 
tion has then little value for practical direction, except in 
a negative sense. ‘’wo quantities may be highly correlated 
lut the ratios of their growth may not be; nor may we be 
able to produce increase in the one by producing increase in 
the other. I understand that these empirical conclusions are 
quite in accord with correlational theory, but it is well to 
state them here, as it is quite possible that educationists will 
regard an established high correlation as justifying several 
inferences which do not properly flow from it. 

My third conclusion is more especially pedagogical. 
Teachers wish to know whether they can by improving the 
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accuracy of function ‘A’ thereby influence for good the 
accuracy of function ‘B.’ I think that in some eases they 
can. I believe, for example, that various imnemoniec fune- 
tions are so connected in children and young people that im- 
provement ‘transfers.’ We then need to know how much, 
for we should not be wise to set out to improve any function 
indirectly unless an indirect method were quantitatively a 
better method than the direct one; unless of course, the di- 
rect method were not available. 

But as to accuracy of arithmetical reasoning and accuracy 
of numerical computation, what can we say? 

It seems possible to improve the accuracy of numerical 
computation without any certainty that we shall thereby im- 
prove the accuracy of arithmetical reasoning. 

For the present, therefore, pending more conclusive ex- 
periments, numerical accuracy should be sought for because 
it is valuable in actual life, and not because we can feel con- 
fident that an improvement in it will transfer to accuracy 
of arithmetical reasoning. 

But if improvement in accuracy of numerical computa- 
tion is not transferred, how shall we account for the general 
trend of the final results in reasoning (in all schools except 
‘S’) in favour of the practised groups? 

There seem to me two possibilities. I have judged the 
children’s reasoning powers in arithmetic by means of prob- 
lems numerically worked out, though the accuracy or inac- 
euracy of the numerical solution has not affected the mark 
for reasoning. Might not the greater facility in numerical 
computation, such as was obtained by most of the practised 
croups, set free, as it were, more mental energy to deal with 
the rational solution of the problems? 

Also, since, in school, the functions of numerical compu- 
tation and of arithmetical reasoning are often exercised to- 
gether, the continuance of numerical computation by one of 
the groups and its discontinuance by the other might well 
maintain in one case a greater readiness for the associated 
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operations than in the other, and the former would on that 
account do better work in arithmetical reasoning than the 
latter. 

But if either of these hypotheses were true, ought we not 
to expect more regular results; though not perhaps such reg- 
ular results as if there were a direct transfer of accuracy? 

It seems fitting to conclude this research with a question. 

The value of the foregoing investigations appears to me to 
lie chiefly in the suggestion of a method by which a very im- 
portant pedagogical question may be ultimately solved under 
school conditions. It is a method which teachers can easily 
use for themselves, and publish the results for the guidance 
of their colleagues. | am strongly convinced that, without 
such active co-operation on the part of the teacher, experi- 
mental pedagogy will remain an academic study, with little 
effect upon the practice of the schools. 











MXPERIMENTAL PEDAGOGY AND EXPERIMENTAL 
PSYCHOLOGY. 
EDMUND C, SANFORD, 
Clark College. 


Within the last few vears a number of psychologists have 
busied themselves with special sorts of psychology—the psy- 
chology of memorizing, the psychology of testimony, the psy- 
chology of advertising, the psychology of religion—investigat- 
ing the specific ways in which psychological principles are 
operative in these various fields. Such studies are not, strictly 
speaking, applied psychologies (as Minsterberg has recently 
pointed out) though they are the natural first steps in the 
direction of application. One must study the peculiar forms 
under which psychological principles are found operative in 
any given field before he ean hope to use them sueccessfuliy 
there. Ina few instances, however, genuine applied psychol- 
ogies have been begun, that is, studies of psychological prin- 
ciples with a view to their use in the control of practical pro- 
eesses and the bringing about of practical ends. 

To the minds of some this tendency seems premature, liable 
to result in misdirected effort and unsound conclusions. In 
this fear the presenti writer does not share. The beginnings of 
applied psychology seem to him full of promise, both for the 
pure science and for practical ends, and not more lable to mis- 
earry than other sorts of human endeavor. It means, for the 
pure science, enrichment through an increased body of workers 
and new facts; and, not least, so long as the science must be 
financed by appropriations and endowments, it furnishes an 
effective defense against ignorant and hostile criticism and a 
tangible excuse for the investment of institutional capital. No 
science, of course, can flourish if pursued chiefly for its appli- 
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eations, but on the other hand no science is hindered by having 
a plentiful supply of them. ‘To have found such applications— 
or better, to have produced an auxiliary applied science carried 
on by its own set of workers, means that sufficient methods 
have been worked out and a tolerable body of facts accumu- 
lated, some part of which, at least, has a meaning for practical 
human affairs. Such a science shows itself well rooted and 
vigorous. 

Of the various lines of practical psychology—using this 
term to cover both the studies of special fields and the incipient 
collateral sciences 





two are at present of great promise, edu- 
cational psychology, m its various forms of child study (nor- 
mal and defective), individual psychology and experimental 
pedagogy, and medical psychology in its studies of border-line 
‘ases ; and of these two the first seems likely to make the more 
rapid progress because of its simpler problems, the abundance 
of its materials and the greater degree in which it can be made 
experimental. Indeed it is just this fact that modern educa- 
tional psychology is an observational and in part an experi- 
mental science which distinguishes it from the earlier and un- 
fruitful attempts to deduce an educational psychology from 
the generalizations of the pure science, or to carry over into it 
principles formulated chiefly to fit other sets of facts than its 
own. 

Practical teaching has in a sense been experimental, or at 
least empirical, from the beginning. Teachers of insight 
groped forward by instinet, learned by experience and em- 
bodied something of their observations in the traditions of the 
eraft, which have all along proved more valuable than any- 
thing to be obtained from the speculative psychology of the 
time. What is now taking place is merely the substitution of 
the regular siege of scientific procedure for the clever skirm- 
ishing of such pioneers. And in course of time this regular 
procedure will bring about its usual result, will lead here to 
an educational psychology of easily recognizable value because 
it will be one that is vital and indigenous to the field in which it 
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is to be employed. With systematic observation and experi- 
mentation workers will come to deal with more clearly defined 
ideas, will understand one another better and work in fuller 
co-operation. Accurately recorded observations and experi- 
ments are things accessible to all who are interested; they can 
be repeated, emended and verified, they furnish starting points 
in discussion upon which all reasonable men can agree. Peda- 
gogical ideas, in proportion as they have not some such objec- 
tive footing, are apt to be elusive in themselves and unprofit- 
able in discussion, because neither party in the argument can 
be sure that he knows just what the other is talking about. 
With this increased clearness will go likewise an increased 
familiarity with mental processes as they actually occur and an 
increased feeling of their reality. Those who have never come 
to the close quarters with these things which the inductive 
study of them requires see through a glass darkly and walk 
rather by faith than by sight. And still more important, the 


-atmosphere of clearness and precision required by orderly 


scientific procedure cannot but react upon the thought and view- 
point of those engaged in it, to their own great advantage and 
that of their labors. All this is said without disparagement of 
those who in less systematic fashion have built up the body of 
pedagogical knowledge upon which the art of teaching now 
proceeds; their work has been priceless; what is now proposed 
is such a completion and rectification of it as system and co- 
operative effort make possible; and, further, such an under- 
taking is naturally not expected to be an affair of to-morrow 
but of the future and a long one. Most hopeful beginnings 
have already been made, however, and the road to be traveled 
is clear. 

From the introduction of these new and more systematic 
methods much gain will surely result, but one may safely con- 
jecture that it will consist at first much less in the discovery of 
new pedagogical principles than in bringing rival pedagogical 
procedures to a decisive test, the settlement of moot points and 
the substitution of accuracy and certainty for general conjec- 


_ ———_«— een 


— 








iy es ie aaa ~ LE ccc ll” 





EXPERIMENTAL PEDAGOGY AND EXPERIMENTAL PSYCHOLOGY. 593 


ture; and in this, experimental pedagogy will be but walking in 
the steps of the other sciences. There were not a few who 
guessed that the earth was a sphere before Magellan sailed 
around it; Democritus was an atomist before Dalton, and 
Aristotle an evolutionist before Darwin. What is now needed 
in educational theory is not so much revolution and the preach- 
ing of an unknown god as proper evaluation of what is already 
in some manner known and an intelligent service of the god of 
natural law. 


If one asks as to the relation now existing between the 
experimental branch of educational psychology, i. e., experi- 
mental pedagogy, and the older science of experimental psy- 
chology, it may be answered that as yet the former draws from 
the latter a large part of its arsenal of methods, as psychology 
drew its at the start from physiology, and physiology from 
physics. This dependence will be transitory, however, for the 
problem in the end dictates the method; and so far as the 
problems of experimental pedagogy are different from those 
of experimental psychology, the methods of the latter will be 
superseded or transformed into more efficient instruments for 
reaching the particular results demanded by pedagogy. Ex- 
perimental psychology undertakes its researches for the 
description or analysis of mental phenomena and its methods 
have been adapted to these purposes. They deal with rela- 
tively simple phenomena, often with cases artificially simpli- 
fied and ‘‘remote from life.’’ Experimental pedagogy, on 
the contrary, is interested in determining the most efficient 
methods for producing given modifications in complex reac- 
tions or general behavior. Its methods consequently may be ex- 
pected to deal chiefly with psychical matters in the gross, such 
as economical memorizing, the acquirement of skill, instine- 
tive activities, complex perceptions, processes of inference, 
of emotion and of resolution. Nothing, fortunately, will pre- 
vent any experimental pedagogist from ranging as he will in 
the psychological field. His main interest, however, will usu- 
allv not be analytical but rather dynamic, in human nature in 
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action, in human behavior in a way analogous to that in which 
the comparative psychologist of the broader type is interested 
in animal behavior. 

In so far as experimental pedagogy may deal with the indi- 
vidual or with the establishment of types of mentality, it will 
of course make use of the methods which have been worked 
out by the students of individual psychology—which are again, 
as Stern has shown, distinetly different from the classieal 
ones of pure psychology, the latter focussing upon simple pro- 
cesses in which individual differences are necessarily small, 
while the former makes use of complex processes where indi- 
vidual differences are frequent and great. When experi- 
mental pedagogy approaches questions of class teaching, it 
will follow the methods of the mass tests already in existence 
as far as these are useful, and develop others for itself based 
perhaps on some means of assigning trustworthy quantitative 
marks to the regular work of school classes. 

A danger of all methods which deal with complex mental 
functions, unchecked by analysis, and one which haunts mass 
experimentation especially, is the difficulty of knowing what 
the numerical or other results really stand for, just what the 
mental processes were which determined them, and whether 
the latter have been tolerably alike throughout the entire mass, 
widely variable from individual to individual, or distributed 
type-wise in several minor groups. The careful experi- 
menter will of course bear this in mind and will cheek his mass 
results at all essential points by parallel experiments under 
strict conditions upon expert observers from whom he may 
hope for some indication of the possibilities of variation within 
his group. For this he will need the methods and often the 
apparatus of the laboratory of pure psychology, his own or 
that of some one else. The ideal arrangement would of course 
be one in which the departments of experimental pedagogy and 
of experimental psychology work in co-operation, the latter 
occasionally testing the methods of the former as a central 
observatory might test the chronometers of a navigator or a 
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bureau of standards the measuring instruments of a practical 
physicist. 

Other dangers—the liability of premature generalization, 
the adoption of loose and slipshod methods, the futile accumu- 
lation of uninterpretable results, the worship of method per 
se—these and all the other dangers of an immature science are 
present in a greater or less degree for experimental pedagogy, 
but are not perhaps more threatening in its case than in that 
of other nascent sciences. Against these all good workers are 
on their guard, and no outside exhortations are necessary or 
pertinent. A more peculiar danger may lurk for some who 
enter experimental pedagogy after a rigorous training in ex- 
perimental psychology, to wit, that they will not sufficiently 
break away from the habits in which they have been trained, 
and will seek in the new field for problems analogous to those 
which they have found fruitful in the old and attack them by 
analogous methods, whereas what is most likely to be fruitful 
in the new field is freshness of view and the preservation of 
the spirit rather than the form of the old methods. But even 
this danger is small and in its nature self-corrective; as the 
new science differentiates, it will train its own investigators. 
There seems, therefore, no reason for sentiments other than 
those of satisfaction and happy anticipation in the ‘‘coming 
out’’ of this first daughter science of experimental psychology. 








COMMUNICATIONS AND DISCUSSIONS. 
CONFERENCE OF THE CITY SUPERINTENDENTS OF 
WISCONSIN. 


The Annual Conference of the City Superintendents of Wisconsin was 
held October 7th at Madison. The topic of the meeting was the edu- 
cational value of science, mathematics, and the languages in the sec- 
ondary schools. Among those participating in the discussion were Presi- 
dent David Felmley, of the Illinois State Niormal University; Profes- 
sors C. R. Mann and C. H. Judd, of the University of Chicago; and 
Prof. M. 8. Slaughter,of the University of Wisconsin. President Felmley 
maintained that the high-school work in mathematics should take a 
wider range, include more subjects, and teach only the elements of 
those subjects. The high school, he maintained, should seek to meet the 
needs of common occupation rather than to satisfy college-entrance 
requirements, and the mathematics of the high school should be corre- 
lated with other subjects. 

Professor Mann maintained that the ideals which have been con- 
sciously developed by a study are transferable to other studies and 
increase the efficiency in subjects other than those studied. The ideals 
to whose development science is best qualified to contribute are (1) 
the inviolability of law, (2) freedom as conformity to law, and (3) 
unity. To make science significant to prpils it-is necessary to begin the 
study where the pupils are; that is, in the details of their daily lives. 
There is danger in remaining too long in the study of what is purely 
practical for tren the real content of the work,—the factors that con- 
tribute toward the building of the ideals,—is meagre. 

Professor Slaughter classified the values of the study of foreign lan- 
guages in the high school as (1) disciplinary, (2) practical, and (3) 
cultural. The disciplinary value is involved in the training furnished 
the memory, the reasoning “faculties,” and the “powers of observation 
and judgment.” The practical value is involved chiefly in the incidental 
training in English, and in arousing the “language consciousness.” ‘The 
cultural value lies in the content of foreign literatures. “Studies eall- 
ing the attention away from the immediate and practical to the remote 
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and spiritual, to the purely humanistic element, should find a large 
place in school programs.” 

Professor Judd urged a more concrete treatment of secondary mathe- 
matics and suggested that the distinctions at present drawn between 
arithmetic, geometry, and algebra be neglected, and that certain phases 
of algebra be taught in the elementary school. The teacher of science 
should aim to meet the needs of high-school pupils in the way of useful 
information, and emphasize scientific method only in so far as this 
method can be acquired by high-school pupils. The foreign languages 
are to be defended on the ground that they furnish the pupil with a 
certain amount of information, especially concerning other peoples and 
types of civilization. Professcor Judd thinks this defense insufficient 
to justify the retention of foreign languages in the secondary curriculum, 
but when to this is added the training that foreign-language study may 
give in the effective use of the mother-tongue, he believes that a strong 
ease for languages can be made out. 


W. C. B. 
ANNOUNCEMENT OF THE JOURNAL OF ANIMAL BEHAVIOR 
AND THE ANIMAL BEHAVIOR MONOGRAPH SERIES. 


In response to a widely felt and urgent need for a periodical in which 
studies of the behavior and mental life of organisms may satisfactorily 
be published a journal and a monograph series have been planned. 

THE JOURNAL OF ANIMAL BEHAVIOR will accept for publication field 
studies of the habits, instincts, social relations, etce., of animals, as well 
as laboratory studies of animal behavior or animal psychology. It is 
hoped that the organ may serve to bring into more sympathetic and 
mutually helpful relations the “naturalists” and the “experimentalists” 
of America, that it may encourage the publication of many carefully 
made naturalistic observations which at present are not published, and 
that it may present to a wide circle of nature-loving readers accurate 
accounts of the lives of animals. 

Beginning with January, 1911, the Journal will appear bi-monthly 
in numbers of approximately 75 pages. Each annual volume of six 
numbers will consist of not less than 450 pages. 

The subscription price will be $3.00 per volume (foreign, $3.50). This 
low price to subscribers can be maintained only if those who are inter- 
ested in the study of the behavior and psychology of animals promptly 
subscribe and work for the support of the Journal. 
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The Journal is under the editorial direction and management of : 

I. Madison Bentley, Assistant Professor of Psychology, Cornell 
University. 

Harvey A. Carr, Assistant Professor of Psychology, The Univer- 
sity of Chicago. 

Samuel J. Holmes, Assistant Professor of Zodlogy, The Univer- 
sity of Wisconsin. 

Herbert S. Jennings, Henry Walters, Professors of Zodlogy, The 
Johns Hopkins University. 

Edward L. Thorndike, Professor of Educational Psychology, 
Teachers College, Columbia University. 

Margaret F. Washburn, Professor of Psychology, Vassar College. 

John B. Watson, Professor of Experimental and Comparative 
Psychology, The Johns Hopkins University. 

William M. Wheeler, Professor of Economic Entomology, Har- 
vard University. 

Robert M. Yerkes, Assistant Professor of Comparative Psychol- 
ogy, Harvard University. 

The Journal is not the property of any individual, and it is to be con- 
ducted solely in the interests of those branches of science which it rep- 
resents. All income from subscriptions and other sources, above that 
necessary for the support of the publication as it is planned, is to be 
devoted to its improvement and enlargement. 

Reviews of especially important contributions within its field will be 
published as they are prepared, and, in addition, a number especially 
devoted to reviews, digests, and a bibliography of the contributions 
to animal behavior and animal psychology for the year will be pub- 
lished annually. This review number is to be in charge of an Editor of 
Reviews. It is hoped that this special number may prove of value to 
those readers whose library facilities are meagre. 

THE ANIMAL BEHAVIOR MonoGrapH SeEriEs will be published in 
connection with the Journal as a provision for papers which are too 
lengthy, or, for other reasons, too costly to be accepted by the Journal. 

The monographs of this Series will appear at irregular intervals, and 
they will be grouped in volumes of approximately 450 pages. ‘The sep- 
arate monographs will be sold at prices determined by the cost of manu- 
facture, and the volume will be sent to regular subscribers for the price 
of $3.00 (foreign, $3.50). Subscribers to the Journal are urged to 
subscribe to the Monograph Series. 
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The Journal of Animal Behavior and The Animal Behavior Monograph 
Series will be published for the Editorial Board by Henry Holt and Com- 
pany, New York. 

Manuscripts for the Journal may be sent to the managing editor, 
Professor Robert M. Yerkes, Emerson Hall, Cambridge, Massachusetts, 
or to any other member of the Editorial Board. 

Manuscripts for the Monograph Series should be sent to the editor, 
Professor John B. Watson, The Johns Hopkins University, Baltimore, 
Maryland, from whom information may be obtained concerning terms 
of publication. 

Books and other matter for review in the Journal should be sent to 
the editor of reviews, Professor Margaret F. Washburn, Vassar College, 
Poughkeepsie, New York. 

All business communications should be addressed to The Journal 
of Animal Behavior, Cambridge, Massachusetts. 

















ABSTRACTS AND REVIEWS. 
SOME RECENT LITERATURE UPON FATIGUE. 


FREDERICK S. LEE, The Nature of Fatigue. Popular Science 
Monthly, 76; February, 1910, 182-195. . 


Max Orrner. Die geistige Ermiidung. Berlin: Reuther und Reich- 
ard, 1910. Pp. 88. M. 1.80. 


CLARENCE Stone Yoakum, Pu. D. An Experimental Study of Fa- 
tigue. (Psychological Monographs. Whole No. 46.) Baltimore: The 
Review Publishing Company, August, 1909. Pp. 131. 


W. MacDouGati. The Conditions of Fatigue in the Nervous Sys- 
tem. Brain, November, 1909, 256-268. 


Dr. Lee’s article is an address delivered before the Section on Hygiene 
of the Connecticut State Teachers’ Association, and consists in a non- 
technical presentation of the physiology of fatigue, with briefer con- 
sideration of mental fatigue. 

Typical tracings of curves from nerve-muscle preparations are in- 
troduced to illustrate, in the curve of work, the preliminary stage of 
improvement, 7’reppe, the stage of maximal efficiency, and the subse- 
quent decline due to fatigue. 

The chemical conditions of fatigue are shown to le in the consump- 
tion of oxygen and carbohydrate and in the production of the so-called 
‘fatigue-substances,’ particularly of carbon dioxid and lactic acid. Lee 
has found by experiment that these substances, when present in small 
quantity, increase protoplasmic activity and augment muscular energy. 
He, therefore, contends that the T’reppe may be attributed to the pri- 
mary stimulating effects of small amounts of the fatigue-substances. 

We know that the nerve fibre is resistant to fatigue. The work of 
Hodge and others has, however, led to general acceptance of the idea 
that the cell-body was distinctly susceptible to fatigue. Nevertheless, 
says Lee, we have no indisputable evidence of genuine fatigue of the 
nervous system. “The preponderance of evidence at present seems to 
me to be in favor of a high degree of resistance to fatigue on the part 
of the brain and spinal cord, as of the nerve fiber itself.” Moreover, on 
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a priort grounds, the administrative function of the nervous system, he 
argues, 1s so highly important that it must be equally important to 
the organism that its nervous system should be able to resist the on- 
coming of fatigue. 

In mental work, Lee finds again the same three stages characteristic 
of the work of the isolated muscle, and he does not doubt that they 
are associated with the same chemical phenomena. If this means that 
the presence of small quantities of fatigue-substances suffice to account 
for one’s mental ‘second wind,’ the explanation is obviously too simple, 
as a perusal of Offner’s analysis of the psychical factors in the curve of 
performance will show. 

Other points of interest in Lee’s exposition are these: 

“Excessive work of one tissue may cause the fatigue of other tis- 
sues.” 

A temporory change of occupation may be of great benefit by reliev- 
ing an exhausted organ or focus of attention. 

We must learn to distinguish, in ourselves and in others, between 
real and pseudo-fatigue. We should not permit the child to yield to 
every sign of weariness; neither should we neglect the warning symp- 
toms of real fatigue or carry fatigue to exhaustion with consequent 
slow or permanent incomplete recovery. Habits of industry are the 
converse of habits of fatigue, and they imply, in the last analysis, “an 
acquired power of resistance to fatigue-substances.” On the whole, 
thinks Lee, “few of us live up to our opportunities for accomplishing 
things.” “Most of us work too briefly and rest too long.” All this 
may be true, though there will be many who will not accept the indiect- 
ment. But how can Dr. Lee derive from the physiology of fatigue the 
conclusion that “even without hereditary endowment, more of us might 
have, if we would, the endurance of a Weston, the discernment of a 
Darwin, the shrewdness of a Harriman, the determination of a Peary, 
or the insatiable desire to be on top, which distinguished our late Presi- 
dent * (italics ours)? If discernment, shrewdness and determination 
are not bred in the bone, and can be had for the effort, surely the psy- 
chology of mental inheritance has something to unlearn. 


Offner’s monograph, likewise, represents a lecture, here somewhat 
amplified, delivered before a society of teachers. It is, however, a more 
ambitious, and to psychologists a more satisfactory, analysis of the 
problem of fatigue, at least of mental fatigue. Indeed, this booklet 
impresses us as just the kind of thorough, scientific résumé that is now 











602 THE JOURNAL OF EDUCATIONAL PSYCHOLOGY. 


most needed in the field of applied psychology. A full translation wil] 
appear later. At present we may but sketch its contents. 

After a brief introductory account of the nature and symptoms of 
fatigue, the author devotes 30 pages to the measurement of fatigue, 
and 40 pages to the results of these measurements, and concludes with 
a discussion of certain practical problems. A bibliography of five pages 
and an index are appended. 

The following points may serve as illustrations of Offner’s treatment 
of his subject: 

Subjective symptoms afford an unreliable measure of fatigue. For 
objective measurement we may turn either to physiological or to psychol- 
ogical processes. ‘Tests of physical strength (dynamometer) and en- 
durance (ergograph), and of rate of movement (tapping), as well as 
measurements of pulse, respiration, and ocular accommodation have 
given us, it is true, many valuable suggestions, but they have not as 
yet given us a reliable method for measuring fatigue. 

The psychological methods include esthesiometry, the estimation 
of time intervals, the determination of sensitivity to pain and other 
limina, such tests as dictation, computation, memory-span, cancella- 
tion, copying, and Ebbinghaus’ completion method, together with the 
various forms of the ‘continuous-work method,’ which has been especi- 
ally favored and developed by Kraepelin and his followers. It cannot 
be denied, says Offner, that, taken as a whole, the psychological methods 
ean afford useful average values and reliable information concerning 
the course and effect of fatigue, and can, accordingly, assist us directly 
in the regulation of our work (p. 35)—a conclusion to be contrasted 
with Lee’s declaration (p. 188) that all attempts at exact measure- 
ments of the mental effects of fatigue “and the deduction therefrom 
of the degree of psychical or physical fatigue have failed.” 

Among the results of the study of fatigue by the psychological method 
is the analysis of the several factors, other than fatigue, that condi- 
tion efficiency (Leistungsfahigkeit). While Lee, as we have seen, ap- 
parently finds a sufficient theoretical explanation of the work-curve in 
the chemistry of the fatigue-substances, the psychologist unearths, in 
addition to fatigue proper, practice, both concomitant and_ persistent 
(gleichlaufende and nachdauernde), adaptation, preparedness, warm- 
ing up (Anlauf, Anregung), spurts (Antriebe) of several types—initial, 
terminal, ete.—together with voluntary effort, ennui, diurnal rhythms, 
and, perhaps, still other factors. 
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The discussion of the “laws of fatigue” shows how much has really 
been established with regard to the dependence of fatigue upon age, 
sex, length and number of lessons, time of day, day in the week, time 
and length of recesses, holidays, and vacations, amount of rest, sleep, 
and other recuperative agencies, nature of the work, arrangement of 
the school program, personality of the teacher, ete. 

Offner, like Lee, preaches the Gospel of Work. We need not worry 
because children show signs of weariness: nay, it is well to teach them 
to stand up under the pressure of fatigue. Only, teach them also how 
to economize their energy and to refresh and maintain their physical 
and mental efficiency by the rational utilization of the great recuperative 
agencies, nutrition, play and sleep. 


Yoakum’s thesis from the laboratory of the University of Chicago 
devotes 42 pages to an historical statement of the fatigue problem, with 
special reference to mental fatigue. This statement takes up in particu- 
lar the question of muscle fatigue, its nature and locus, the possibility 
of detecting and measuring mental fatigue by modifications in reac- 
tion time and in sensory capacity, and the analysis of the ‘work curve’ 
as carried out especially by Kraepelin and his followers in the Heidel- 
berg laboratory. 

Yoakum makes a special point of the failure thus far of the objective 
records to cope with the details of the situation engendered by the 
onset of fatigue, and also calls attention to the fact that investigators 
of fatigue have insisted upon maximal speed of work by the subjects 
of their tests, in disregard of the fact that each individual has his own 
normal rhythm of work which may be entirely obscured by this demand 
for maximal efforts, so that what is tested is really an abnormal psycho- 
physical condition that “does not present to us a clear picture of the 
properly working organism.” 

Yoakum’s own study was carried on by an amplification of the ‘pattern- 
tapping’ method that was given preliminary trial in the Chicago lab- 
oratory by Mrs. Squire. A series of ten digits was memorized and then 
tapped, by movements of the lip or of the finger, either directly as mem- 
orized or with such modifications as might be assigned by the experi- 
menter. The idea was to secure an objective record of a continuous bit 
of mental work by a process that obviated almost entirely fatigue of the 
muscles involved. In the main, the tapping was done “at will,” though, 
in control tests, maximal speed was demanded. ‘This process was con- 
tinued, unfortunately it seems to us, for but 15-20 min. only, and an 
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attempt was made, both by scrutiny of the record and by appeal to in- 
trospection, to unravel the several factors affecting the efficiency of the 
work from minute to minute, e. g., such factors as acquisition and re- 
tention of practice, spurts of various sorts, weariness, warming-up, 
exhaustion, general physiological condition, ete. Particular stress is 
laid upon the fact that, when errors appeared at all in the record, they 
tended to appear in groups. A number of characteristic groups are 
described, e. g., an initial or ‘practice’ group, a second group at the 
9th to the 11th minute, a third group a little later, which is always the 
largest group of the series, etc. “‘As far as can be determined, * * * 
the number of errors and the distance between the groups, their size 
and length, their place in the series, all depend on the actual physiologi- 
cal condition of the subject as he begins the experiment” (p. 84). 
Errors are further classed in type as ‘mechanical’ or as ‘psychic,’ and 
these types are found to alternate in the several groups just mentioned. 
The monograph concludes with an elaborate, technical discussion of 
the ultimate nature of fatigue, which we can not attempt to summar- 
ize here save in the most elementary way. ‘The feeling of weariness, or 
so-called ‘sensation of fatigue, arises suddenly and is of peripheral 
origin. Looked upon functionally, fatigue is only a manifestation of a 
general psychophysical tendency to shift a codrdination that has been 
in use until its operation becomes retarded—its ‘path’ blocked, c. g., 
as illustrated on a relatively simple scale in the ‘negative induction’ 
theory by which Sherrington explains so-called muscle fatigue. As 
we understand Yoakum’s hypothesis, the simple fact that conscious 
processes are transitory and fleeting is one expression of this shifting 
of neural functioning due to fatigue. In a mature, trained individual, 
there exists an elaborately organized hierarchy of codrdinated sys- 
tems—habits of thinking and acting—such that a guiding purpose or 
incentive can, as it were, be carried out persistently by more or less 
automatically functioning shifts of the neuromuscular activities that 
are subordinated to the purpose or incentive in question—one set of 
responses tires, another is set in train, then a third, then perhaps the 
first, again, and so on. Sensations of fatigue arise, not within the co- 
ordinated group of shifting strains, but in muscles located at any place 
in the body that are under tension in guiding the activity of the group 
just mentioned. We may, for instance, feel tired in the back of the 
neck from intellectual activity in solving problems in mathematics. 
Exhaustion constitutes a special case; it is a complete stoppage of ac- 
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tivity, coupled with distinct loss of the preceding conscious process, 
which results from a “practically complete focalization of all available 
energy on the continuance of a single function” (p. 68). Finally, 
there appears fatigue proper, “where the functional activity of the or- 
ganism has diminished because of the attainment of a limit in the ex- 
penditure of stored-up energy” (p. 123). 


According to MacDougall, fatigue manifests itself by three sorts of 
subjective symptoms—by certain sensations localized in the muscles, 
by a feeling of incapacity to exert effort, and, finally, by a desire for 
sleep. These symptoms do not ordinarily betoken actual incapacity 
to continue work, but constitute warning or protective signals. 

Verworn’s theory of fatigue (the accumulation of waste products and 
the consumption of reserve energy) is too simple, according to Mac- 
Dougall, who here, as in his Physiological Psychology, prefers to en- 
visage neuro-muscular activity in terms of the reflex-are concept and 
to follow Sherrington and others in utilizing the notion of the ‘resist- 
ance’ or ‘blocking’ of nerve paths at the synapses. These resistances 
limit the activity of the organism and prevent it from reaching the 
condition of exhaustion. Fatigue is, therefore, a matter of the rela- 
tive balance between available energy and the resistance against which 
this energy must work. 

The fact that the organism can struggle against fatigue is explained 
by the assumption of special reserves of energy. ‘Thus, for instance, 
the awakening of interest in a problem means that one of these reserves 
is brought into play. A vigorous stimulus or a powerful incentive makes 
it possible for one to accomplish, without feeling fatigue, tasks that 
otherwise would be quite beyond one. 

Individual differences may be distinguished in the balance of the 
two factors above mentioned. Thus, a person whose resistances are 
relatively feeble is necessarily excitable, slow to lose the glow of work, 
and finds it difficult, after intellectual activity, to compose himself for 
sleep; his mental mechanism functions until the active centers are worn 
out. In extreme, this gives us the neurasthenic constitution. Darwin 
and Spencer are cited as examples of individuals who can work very 
effectively for a short space of time, but who tire quickly and demand rest 
before resuming the work. 


Again, if the ‘resistances’ are normal, but the energy chronically de- 
ficient, the hysteric type results, and the insufficiency reveals itself 
when some heavy demand is made upon energy. 
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These views of the ultimate nature of fatigue, and the similar ones 
that we have noted in Yoakum, who likewise takes Sherrington for his 


starting-point, ought not, in our opinion, to mislead the reader; it 
should be understood that they are, and seem likely to remain, a matter 
of conjecture and speculative opinion. There is no final system of 
physiological psychology. Perhaps a_ half-dozen equally workable 
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schemes could be made out. Just now, such concepts as the reflex are, 
synaptic blocking and resistance, negative induction, etc., happen to 
be to the fore. The applications of these neurological notions to fatigue 
are not demonstrated facts, though they are, it must be admitted, very 
ingenious and suggestive, and they may very well lead to experimental 
investigation that shall unearth some additional facts of value. 


G. M. W. 
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STUDIES IN ARITHMETIC. 


Davin EvuGeneE Situ, LL. D. The Teaching of Arithmetic. New York: 
Teachers College, Columbia University, 1909. Pp. 120. Paper 
$1.15. Cloth $1.50. 


CuiFF WINFIELD STONE, Ph. D. Arithmetical Abilities and Some Fac- 
tors Determining Them. New York: ‘Teachers College, Columbia 
University, 1908. Pp. 101. Paper $1.15. Cloth $1.50. 
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S. A. Courtis. Manual of Instruction for Giving and Scoring the 
Courtis Standard Tests in Arithmetic. Detroit, Mich.: SS. A. 
Courtis, 441 John R. Street, 1910. Pp. 40. 
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Since arithmetic is not only one of the most important subjects in 
the schools but also brings into play some of the highest and most 
abstract thought activities, a study of the mental processes involved in 
it is of decided interest to the psychologist as well as to the educationist. 
It is a matter for congratulation, therefore, that American experimen- 
talists are beginning to investigate the problems in this field. 

The first of the studies mentioned above is a general survey of arith- 
metical teaching. The author emphasizes the value of a knowledge of 
the history of mathematics for keeping teachers level-headed, and pre- 
venting the epidemics of method to which American educators have 
been particularly susceptible in the past. The aim of arithmetical teach- 
ing is a mixture of the practical and cultural ideals which the Greeks 
kept so religiously separate, and its chief cultural values are training 
in accuracy of dealing with abstract quantities and the development of 
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a clear form of analysis. Life is made up of problems, and in arithmetic 
the child is confronted with situations where the issue must be squarely 
met, all relevant past experience brought to bear upon it, and the solu- 
tion definitely pronounced right or wrong. It is the duty of teachers 
to select problems which will be informational and adapted to the 
pupil’s environment. 

The arrangement of material depends wholly upon a psychological 
study of child development, and on this subject we have as yet all too 
little accurate information. The methods in current use are based 
chiefly on tradition or opinion, and, while these have their own justifi- 
cation, we need detailed, scientific studies of the results of various 
methods under experimentally controlled conditions. The normal and 
training schools of the country should be veritable laboratories for 
such investigations, but unfortunately the authorities are not always 
in sympathy with this kind of work. 

The most interesting and important portions of the book for experi- 
mental pedagogy are chapters 13 and 14, in which, with the assistance 
of Professor Suzzallo, the author suggests over thirty subjects for 
experimental investigation. ‘Typical problems are: (1) How long at a 
time may drill in oral arithmetic be profitablv continued? (2) To what 
extent can recreations in number be advantageously used in teaching 
arithmetic? (3) How do children’s interests develop from year to 
year, and what does this imply for arithmetic teaching? (4) What is 
the result of emphasizing the abstract problem, and what the concrete? 
(5) What is the most profitable amount and distribution of time to be 
devoted to arithmetic, and how should this be divided between oral and 
written work? (6) To what extent should we drill on fundamental 
operations, and how soon are we justified in passing to applications ? 
(7) In addition, should the teaching of any combination (as 3+4=7) 
be immediately followed by its reverse (4+3=7), or may these combi- 
nations be as economically left unrelated? (8) What is the relative 
difficulty of the various combinations? (9) Is there any advantage in 
the so-called “Austrian” method of subtracting by addition over the 
method of subtracting through specially learned subtraction combinations ? 
(10) Since partial products represent but stages in calculation, do they 
need to be understood as to their placing, or should their placing be 
taught as a mechanical process through habit formation? (11) Is 
there any need for division tables of combinations ? 





Chapters 15-22 contain a brief but valuable survey of the arithmetic 
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work for the eight grades. The book is simple, direct and popular in 
style, and for its sanity, its freedom from bias and dogmatism, its reog- 
nition of the problems still to be scientifically attacked, and its explicit 
and detailed discussion of many of these problems, it deserves the highest 
commendation. 


Dr. Stone describes an extended experimental investigation of the 
arithmetical abilities of children in the 6A grade. He drew his 
materials from 26 school systems, ranging from Massachusetts to 
[llinois, and he personally conducted the tests in each of the 152 class- 
rooms, securing over 6,000 test papers. In addition, he collected data 
as to the time spent on arithmetic by these pupils both in and out of 
school, in each of the grades from one to six. Finally, he obtained the 
course of study from each of the 26 systems, and had these arranged 
by competent judges in order of excellence. Two test papers were 
used with each pupil, one for the fundamental arithmetical operations, 
the other for arithmetical reasoning. The paper in fundamentals con- 
tains 14 test problems, those from 1 to 9 were arranged in order of increas- 
ing difficulty, the time allowed was 12 minutes, and the results were 
scored on the basis of 1 for each step of each problem. The paper in 
reasoning presented 12 problems of increasing difficulty, the time allowed 
was 15 minutes, and, on the basis of preliminary experiments, the results 
were scored from 1 to 2 for each problem. In the comparison of systems 
the scores of 100 pupils from each system were taken at random and 
combined. ‘The following are some of the more important results: 

1. The scores for the 26 systems vary in fundamentals from 1841 to 
4099, and in reasoning from 356 to 914. The same system often occu- 
pies a decidedly different rank in fundamentals from that held in 
reasoning. 

2. Comparing the scores of all systems, the correlation of reasoning 
with the average of the fundamentals is quite low (.40),—it is lowest 
with addition (.382), and highest with subtraction (.50). The correlation 
of the different fundamentals with each other is very high (.90 to .95). 

3. An examination of the individual scores of 500 pupils chosen at 
random from 4 systems shows a wide variability, ranging from 3 to 
63 in fundamentals, and from 0 to 15.2 in reasoning. With a median 
of 6 in the latter, 33 pupils score only 2 or less. The boys are no more 
variable than the girls. 

4. In the individual scores reasoning shows a still lower correlation 
with fundamentals (.32) than in the systems, and the correlation is 
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lowest with addition (.28) and highest with division (.36). Addition 
shows a much lower correlation with the other fundamentals (.50 to .65) 
than these do with each other (.89 to .95). In view of the difference 
in correlations between the scores for individuals and those for systems 
one cannot help wondering just how trustworthy these figures are. 
Would the author have obtained the same correlations if he had taken 
another 500 individuals at random from the same four systems? Or 
is the difference due solely to the systems chosen ? 

5. In general it would seem that division is most like reasoning, 
subtraction comes next, multiplication is a close third, and addition 
is farthest removed. Moreover, ability in addition is the least guarantee 
of ability in other fundamentals. 

6. It is inadmissible to speak of arithmetical ability as a single 
function,—rather we have to do with a number of abilities or products, 
and there is less connection between arithmetical reasoning and ability 
in the fundamental operations than between English and geography. 

7. Supervision by the superintendent or a special supervisor does 
not seem to be a potent factor in developing arithmetical abilities. 

8. The total time devoted to arithmetic in the first six grades varies 
in the different systems from 7% to 22% of the total school time, yet 
an elaborate comparison of time expenditure with accomplishment 
indicates that difference in time plays an almost negligible role. More 
important factors are the distribution of time among the grades and 
the use of time within a grade. In many systems there is a deplorable 
waste of time. 

9. The correlation of excellence of the course of study, as rated by 
the judges, with arithmetical reasoning (.56) is much higher than with 
fundamentals (.13). Future improvement in the course of study lies 
in the direction of indicating the place of drill in the educative process. 

The monograph opens a splendid field for research and should stimulate 
others to undertake similar investigations. 





Inspired by Stone’s monograph Mr. Courtis has worked out a system 
of graded “standard” tests with full directions for use, so that data of 
this sort may be collected in a uniform manner from all parts of the 
country. The tests are quite different from those used by Stone, are 
simple enough to be used in every grade from the lowest to the highest 
under identical conditions, and they may be employed for comparative 
studies such as Stone’s, for investigating the effect of specific methods, 
or for testing the growth of pupils in arithmetical abilities from time 
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to time and showing the teacher what individual defects need attention. 
The test sheets are sent out in packages and are furnished at cost, pro- 
vided the recipient agrees to fill out and send to headquarters the record 
sheets which accompany the tests. 

As we have seen, Stone concludes that there are a number of arithmeti- 
eal abilities. Courtis distinguishes 14. Nos. 1, 2, 3 and 4 involve 
control of fundamental combinations in each of the four operations; 
5, 6, 7 and 8 imply knowledge of the symbols, processes and forms of 
each of the four operations; 9 depends on the rate of motor activity; 10 
is ability to “borrow and carry ;” 11 is ability to pay attention to mechan- 
ical details; 12 is ability to recognize a situation as calling for the use 
of a certain operation (reasoning) ; 13 and 14 are abilities to use all the 
above in the complex situations of abstract examples, or two-step prob- 
lems. The eight tests here presented are designed to furnish materials 
for a quantitative estimate of all these abilities. The undertaking is an 
interesting venture in co-operative experimental pedagogy and we hope 
it, will receive hearty support. 

J. C. B. 




















— ee EE 


ee a ee re 


NOTES AND NEWS. 


The German Association for School Reform, which we have pre- 
viously noticed in these columns, has organized the following commit- 
tees: 1. Committee on mathematics and natural science teaching. 2. 
Committee on the training of teachers. 3. Committee on experimental 
schools. 4. Committee on paidology. The latter committee, under the 
chairmanship of Professor W. Stern, is preparing a Handbook of 
Paidology, is to issue a memorial by Professors Stern and Meumann on 
the establishment of paidological institutes, and is making arrangements 
for a paidological congress. 


On the eighth of October Dr. Bertil Hammer was inaugurated Pro- 
fessor of Pedagogy in Upsala University with imposing ceremonies. 
The invitation address by the Rector of the University is an exceedingly 
interesting historical résumé of the evolution of the idea of teaching 
pedagogy in Sweden, going back several hundred years. It is inter- 
esting to find that the step now consummated in the establishment of 
this chair was attempted one hundred years ago. Rector Schueck’s 
address is an historical document full of details showing very clearly the 
evolution of Pedagogy, as for example by the full citation of faculty 
debates, theories and legislation on the subject. 


The Illinois Schoolmasters’ Club held its first meeting of the year 
at Normal on the evening of October 28th. The topic of the evening 
session was educational values. Professor W. C. Bagley, of the Uni- 
versity of Illinois, urged the importance of distinguishing sharply be- 
tween educational values and educational functions. The problem of 
evaluation is a normative problem; the problem of function is a positive 
problem; the one is to be solved by reference to the ultimate aim of 
education (an ethical question), the other by psychological investiga- 
tion (a psychological question). Functions of subject-matter are to 
be determined by the type of conduct-control that the study of a subject 
leaves with the pupil. Four types of ‘controls were discussed: (1) 
nabits, (2) ideas (including formulations of the relations between ideas), 
(3) ideals, and (4) prejudices. Most questions hitherto discussed under 
the head of educational values are really questions of educational func- 
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tion. The problem is not whether the outcome of the study is valuable, 
but whether the contemplated outcome is possible. 

Professor G. F. Arps of the University of Illinois took issue with Pro- 
fessor Bagley in the distinction drawn between ideas and ideals. his 
objection was sustained by Professor Judd of the University of Chicago, 
and by Professor Colvin, of the University of Illinois. Professor Judd 
maintained that the discussion of values and functions would not help 
materially in solving the problems of the classroom teacher. The 
teacher would best forget all about such matters and devote his energies 
to imparting to his pupils the information that he is supposed to teach. 
Professor M. J. Holmes and President Felmley, of the Illinois Nor- 
mal University, supported the contention that a distinction between 
ideas and ideals is justified. 


In the “School of Higher Studies” of the National University of 
Mexico, recently founded, authoritative professors are being engaged 
to give courses lasting each three months. Such an appointee has the 
title of Professor, and is to reside at Mexico City each year for three 
months during his term of office. Among those already appointed on 
these terms are Professors Richet (Paris, Physiology), Capitan (Paris, 
Ethnology), Boas (New York, Anthropology), Rowe (Philadelpnia, 
Political Science), Baldwin (Baltimore, Philosophy and Social Sci- 
ence), and Reiche (Germany, Botany). Professor Baldwin opened the 
series with a course entitled “The Individual and Society,” which is 
to continue until January, 1911, and is to be followed by a “seminary” 
course in 1911-12. Professor Boas begins in November, 1910, Professor 
Richet in January, 1911, ete. The qualifications for enrollment are 
graduation from a university school (college), and high honors in snb- 
jects related to that which is to be pursued. The first course given 
under these restrictions had an enrollment of thirty-five. It is ex- 
pected that the professors will devote these courses to research as well 
as to instruction. 


In a recent address before tthe German Association for School Re- 
form, Professor W. Stern made a strong plea for class grading in 
schools according to the psychological differences of the pupils. It is 
easy enough to talk of teaching individuals rather than classes but 
when a teacher has a fifth grade class containing 50 pupils ranging 
from second to eighth grade abilities (as is frequently the case) in- 
dividual instruction is out of the question. By the application of psy- 
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chological tests in place of the present hap-hazard methods a much 
more satisfactory grouping of pupils could be attained. 


An estimate of the progress of elementary education in Ireland has 
been formed from the signatures made by the contracting parties in 
the marriage registers or certificates. In 1909 93.5 per cent. of the 
husbands and 95.0 per cent. of the wives wrote their names, the re- 
mainder signing by marks, as against 86.8 and 88.6 per cent. in 1899, 
78.8 and 78.0 per cent, in 1889, and 72.0 and 67.1 per cent. in 1879. 
The improvement of the women over the men is significant of the 
modern trend. 


The system of advisors to freshmen at Harvard University has been 
greatly extended. Many more advisors have been appointed from the 
instructing staff, so that, whereas formerly an instructor might have 
as many as 15 freshmen in his charge, at present there is one advisor 
for every three or four of the incoming class. Furthermore, another 
corps of advisors has been enrolled from the senior class, so that each 
member of the class of 1914 is officially assigned an instructor and a 
senior to whom he may go for advice. 


A call has been issued by George V. Briggs, superintendent of the 
Philippine Normal School, for 100 new teachers to fill vacancies for 
the school year beginning June, 1911. ‘Ten of these teachers will be 
needed for high-school science, ten for industrial subjects, twenty for 
other high and intermediate school subjects, five to teach domestic 
science, and others for supervising positions. 


The various teachers’ associations of Illinois have united in a peti- 
tion to the General Assembly urging the appropriation of $250,000 for 
erecting and equipping a building for the School.of Education of the 
University of [linois. 


Teachers College, Columbia University, is offering a number of re- 
search fellowships and scholarships for investigations in comparative 
education. The work is under the direction of Professor Farrington, 
who will spend the second half-year in Europe, superintending these 
investigations. 


Again the poor high school is berated by the university. Tests in 
geology at the University of Wisconsin show that freshmen often can- 
not locate important cities, rivers or mountains in their own or foreign 
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countries. Many could not tell in what state were such well-known 
cities as Richmond, Mobile, Memphis, Butte, Syracuse, Nashville, Spo- 
kane, Atlanta and Scranton. Some could locate only four of the fol- 
lowing ten cities: Vienna, Venice, Lisbon, Bombay, Buenos Ayres, 
Hongkong, Athens, Moscow, Shanghai and Melbourne. One-third to 
one-half failed on such important rivers as Rhine, Volga, Ganges, 
Orinoco and Euphrates, such mountains as Pyranees, Caucasus, Hima- 
laya, Sierra Nevada and Mt. McKinley. The New York Evening Post 
says, “The examination confirms the feeling, long entertained by col- 
leges, that locational geography should receive more attention in sec- 
ondary schools. As most high school students do not get beyond ele- 
mentary geography, the university authorities say that a knowledge of 
the location of the most important physical features and cities of the 
globe should be taught. The high school student, whether he goes to 
college or enters business, should possess some knowledge of important 
centers of the word’s commerce or those which are frequently talked 
about among educated people, of the principal mountains, rivers, seas, 
gulfs, etc., of the globe, and of the main political divisions of the 
continents.” 


The New York High School Teachers’ Association is carrying on a 
vigorous campaign for a revision of the college entrance requirements, 
and an emancipation of the high school from college domination. 
Principal W. D. Lewis, of Philadelphia, a recent speaker before the 
Association, said “There has been a gradual evolution in the course 
of study of the elementary school. Changes following the great move- 
ment for child study were denounced by the “‘stand-patters” as fads 
and frills. The changes, however, have continued. In the high school 
the revision, of course, has been less marked, because the demands of 
the colleges have so largely determined the high school course.’ It has 
at last become necessary that the high school course be revised, for the 
same reason that the tyranny of political bosses shall be abolished.” 


Among the public introductory lectures given at University Col- 
lege (University of London) during October were “Recent Investiga- 
tions into the Mental Growth of Children,” Dr. C. Spearman, and “In- 
stinct,” Professor Carveth Read. 


At the meeting of the Central Ohio Teachers’ Association, held at 
Dayton, Ohio, November 11 and 12, Professor Charles H. Judd, Director 
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of the School of Education of the University of Chicago, delivered an 
address on ““The Scientific Study of Education.” 


The American Psychological Association will meet in conjunction 
with the North Central Association of Teachers of Psychology, and 
the American Association for the Advancement of Science in Minne- 
apolis on Wednesday, Thursday and Friday, December 28, 29 and 30. 


+) ‘wet 


Professor James R. Angell, of the University of Chicago, will give 
three lectures at Union College in January and February. They will 
be known as the Ichabod Spencer lectureship series, and are supported 
by the endowment of $75,000 for the department of philosophy which 
was recently made by Mrs. Catherine Leavitt, of Washington, in mem- 
ory of ‘her father, Ichabod Spencer.—Science. 


Dr. George Kerschensteiner, superintendent of schools of Munich, 
delivered an address at the meeting of the Society for the Promotion 
of Industrial Education at Boston in November. 


Mrs. Helen Thompson Woolley, formerly head of the department of 
psychology at Mt. Holyoke College, is assisting in the department of 
philosophy in the University of Cincinnati. 


Mr. F. A. Thomas thas been appointed principal of the Academy of 
the University of Illinois and Supervisor of Practice Teaching in the 
School of Education, vice Mr. C. M. MecConn, who succeeds Mr. W. 
L. Pillsbury as Registrar of the University. 


Alvin C. Kraenzlein, formerly of the University of Pennsylvania, 
has been appointed assistant professor of physical training at the Uni- 
versity of Michigan. 


Dr. Kendric Charles Babcock, president of the University of Arizona, 
has been appointed specialist in higher education in the United States 
Bureau of Education, to fill the new position created by the present 
congress at its recent session.—Science. 


Dr. W. B. Pillsbury, junior professor of psychology in the Univer- 
sity of Michigan, has been advanced to a full professorship of psy- 
chology in that institution. 


Miss Ethel Bowman, B. A., has been appointed assistant in psy- 
chology in Wellesley College. 
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PUBLICATIONS RECEIVED TO NOVEMBER 1, 1910. 


(Notice in this section does not preclude a more extended review.) 


G. ANTON, Veber krankhafte moralische Abartung im Kindesalter und 
tiber den Heilwert der Affekte. Juristisch-psychiatrische Grenz- 
fragen, Vol. VII, No. 3, 1910. Pp. 23. M. 1. 


A brief summary of moral diseases of children, with bibliography 


LL. EstELLE Appleton, Pu. D. A Comparative Study of the Play Ac- 
tivity of Adult Savages and Cwilized Children. An Investigation 
of the Scientific Basis of Education. Chicago: The University of 
Chicago Press, 1910. Pp. 94. Paper, 54c. 

A very interesting study of native and acquired play reactions. Such 


comparative investigations throw much light on that modification of 
Instinctive behavior “which is the aim of education. 


Henry E. Armstrone, LL. D., Pu. D., FL R.S. The Teaching of Scien- 
tific Method, and other Papers on Education. London: 


and Company, 1910. Pp. xxvii, 504. $1.75 net. 


Macmillan 


This is a second edition of a well-known work and includes, in ad- 
dition to the twenty-four essays of the first edition, a new prefatory 
essay and two new articles, one on the correlation of mathematical 
teaching with other school work and one offering a general criticism 
of school method. ‘The author’s key-note is ‘his insistence on the value 
of method and of the developing of the right attitude of mind in pu- 
pils. His work represents perhaps the most extreme emphasis of the 
importance of the heuristic method that we have. 


STANLEY M. Buiter. The Direction of Desire. New York: Henry 
Frowde, 1910. Pp. 360. 


Teachers and preachers will find in this book a sound and stimu- 
lating application of psychology to self-development and the founda- 
tion of character. he author calls it directive psychology from the 
fact that it shows ‘how to direct desire. The book should be in every 


public library. 
Education in the United States: A Series of Monographs. NictoLas 


Murray Butter, Editor. New York: American Book Company, 
1910. Pp. 1068. $2.50. 
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This is a reprint in a single volume of the 20 monographs upon 
various aspects of American education originally prepared for the Paris 
Exposition in 1900 and the International Exposition at St. Louis in 
1904. The material is the same as that comprised in the original 


series of paper covered pamphlets and the two-volume edition “pub- 
lished by J. B. Lyon Company in 1900. 


Cleveland Public Schools. Annual Report of the Superintendent of 
Schools. Cleveland: Board of Education, 1909. Pp. 129. 


The report contains an interesting study of withdrawals, retarda- 
tion, and repeaters in the Cleveland schools, a repetition of the tests 
of 1856 and 1905 in arithmetic showing an appreciable increase in the 
efficiency of pupils, and 50 pages of statistical tables prepared in ac- 
cordance with recent demands for specific details in school reports. 


STEPHEN 8. Cotvin. A Marked Case of Mimetic Ideation. Reprinted 
from the Psychological Review, 17: No. 4, July, 1910. 260-268. 


A discussion of the importance of kinaesthetic symbolic imagery 
the thought process. 


S. A. Courtis. Manual of Instructions for Giving and Scoring the 
Courtis Standard Tests in Arithmetic. Detroit, Mich.: 8S. A. Cour- 
tis, 441 John R. Street, 1910. Pp. 


A carefully constructed set of tests for measuring the abilities of 
pupils in the fundamental operations of arithmetic and in arithmetical 
reasoning. 


WALTER FENNO DeEaArBoRN. School and University Grades. Bulletin 
of the University of Wisconsin, No. 368. 1910. Pp. 59 


Based on a study of 15,000 grades assigned by about 250 teachers 
in several elementary and high ‘schools and the U niversity of Wiscon- 
sin. A survey of the general subject of the distribution of mental 
ability is followed by a discussion of inequalities in grading, of grades 
in school subjects, and of university grades, and the author concludes 
with a section on correlation of schools and school subjects. There are 
28 illustrative figures and one plate. 


kh. C. Exuicorr. Outline of a Tentative Scheme for the Measurement 
of Teaching Efficiency. Madison, Wis.: Published by the State 
Department of Public Instruction, 1910. Pp. 


According to this scheme, the following qualities are to be rated by 
supervisors: (1) physical efficiency, 12 points; (2) moral (native) 
efficiency, 14 points; (3) administrative efficiency, 10 points; (4) 
dynamic efficiency, 24 points; (5) projected efficiency, 6 points; (6) 
achieved efficiency, 24 points; (7) social efficiency, 10 points. 
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JOSEPH GRASSET. The Marvels beyond Science. Translated by Rene 
Jacques Tubeuf. New York: Funk & Wagnalls Company, 1910. 
Pp. 379, Pr. $1.75 


“A record of progress made in the reduction of occult phenomena 
to a scientific basis.” 


JOSEPH Kinmont Harr. A Critical Study of Current Theories of 
Moral Education. Chicago: The University of Chicago Press, 
1910. Pp. 48. Paper, 53c. 


A study of the sanctions of moral education on the basis of modern 
conceptions of ethics. 


PauL KuLLMAN. Statistische Untersuchungen zur Sprachpsychologie. 
Reprinted from Zeitschrift fiir Psychologie, 54: 290-310. Leip- 
zig: J. A. Barth, 1909. 


An examination of selected texts of Goethe, Schiller, Heine, and 
others, shows that the greatest number of monosyllables is found in 
ordinary conversation, and this is followed by the drama, the familiar 
letter, the formal letter, the narrative, and the essay, in the order men- 
tione’. The average number of syllables per word increases in the 
same order. E motionally toned texts show a larger number of mono- 


syllables and a lower average number of syllables per word than texts 
of neutral tone. 


JOSEPH McCasBe. Evolution of Mind. London: Adam & Charles Black. 
New York: The Macmillan Company, Agents, 1910. Pp. xvii, 286. 
$2.00 net. 


The author has made a painstaking survey of recent contributions 
to geology, paleontology, biology, and neurology for evidences of the 
origin and development of consciousness. He is inclined to deny con- 
sciousness to all creatures below mammals. Jennings, Loeb and Thorn- 
dyke are the only American students of animal behavior with whose 
work he seems to be familiar. 


W. Peters. Ueber Aechnlichkettsassoziation. Reprinted from Zeit- 
schrift fiir Psychologie, 56: 161-206. Leipzig: J. A. Barth, 1910. 


Dr. Peters has made a careful experimental study of association by 
similarity in the production and reproduction of nonsense syllables. 
As a result of his investigations he bases this type of association upon 
the “perseverative tendency ” (Perseverationstendenz) of impressions. 
whereby any experience (percept, imag, idea), once aroused, tends to 
rise again in consciousness of its own accord. This persev erative tendency 
may be total or only partial. It is the partial perseverative tendency of 
ideas that furnishes the linkage in our thought. 
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GEORGE Riks. Beitrage zur Methodik der Intelligenzpriifung. Reprinted 
from Zeitschrift. fiir Psychologie, 56: 321-343. Leipzig: J. A. 
Barth, 1910. 


The author has developed two methods of testing the intelligence of 
school children, (1) by their ability to associate pairs of concepts, such 
as hunger—swoon, thaw—flood, accident—horror, light—brightness, ete., 
after a single reading, so that when one is given the other will be re- 
called; (2) by their readiness in offering a word which shall stand 
in relation to a spoken word as effect to cause. Both of these methods 
the author thinks superior to Ebbinghaus’ combination method. 





HENRIK ScuEucK. Inbjudningsskrift till ahorande af den offentliga 
forelasning med hvilken Professorn I. Pedagogik Bertil Hammer 
tilltrader sitt ambete. Uppsala, 1910. Pp. 67. 

An academic address on the history of pedagogy in Sweden. 


Epwin E. Stosson. Great American Universities. New York: The 
Macmillan Company, 1910. Pp. xx, 528. 


This volume includes the papers on American universities first pub- 
lished in the Independent. The following institutions are represented 
by a chapter each. Harvard, Yale, Princeton, Stanford, California, 
Michigan, Wisconsin, Minnesota, Illinois, Cornell, Pennsylvania, Johns 


Hopkins, Chicago, and Columbia. A chapter of comparisons and con- 
clusions completes the volume. 


W. Stern. Das tibernormale Kind. Der Siemann: February and 
March, 1910. 67-72, 160-167. 


Professor Stern points on that for centuries we have had a pedagogy 
of normal children, that in recent years much thought has been given 
to the pedagogy of sub-normal children, but that nowhere has any atten- 
tion been paid to the pedagogy of the supernormal. Yet the latter are 
the most important of all. He briefly indicates some of the charac- 
teristic of the supernormal child and outlines the salient features of 
an experimental pedagogy of the supernormal. 


J. Artuur THompson. Darwinism and Human Life. New York: 
Henry Holt and Company. Pp. 237. 


We have here a charming tribute of appreciation, beautifully ex- 
pressed in such a way that the meaning of evolution in the various 
aspects of life is seen in panoramic view, while we pay tribute to the 
world’s greatest scientist. The book is the South African Lectures for 
1909 and contains six divisions: What we owe to Darwin; The web 
of life; The struggle for existence; The raw materials of progress; 
Facts of inheritance; Selection—original and social. The book is sim- 


ple enough to be read by young students, and contains a good bibli- 
ography. 
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Epwarpd L. THornpike. Handwriting. ‘Teachers College Recerd, 11: 
No. 2, March, 1910. Pp. 93. 30¢e. 


— 


In Part I the author describes the construction of a scale to meas- 
ure the quality of handwritings of children in grades 5 to 8, and in 
Part If he discusses the application of this scale in measuring the 
speed and quality of handwriting in seven school systems. It is one 

, of the most significant of recent contributions to the science of ex- 
perimental pedagogy. 
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EpwarD Braprorp Tircuener. A Teat-book of Psychology. New 
York: The Macmillan Company, 1910. Pp. xx, 565. $2.00. net. 


The first part of this text-book appeared in 1909. The second part 
is now ready and is issued separately for the convenience of those who 
have already purchased Part I. The two parts are here published as 
a single book, and furnish the most accurate and authoritative brief 
compendium of the status of experimental psychology that is available 
in any language. 
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